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PROCEEDINGS 

25  Jaotabt,  1866, 


The  NiNETiENTH  ANNIVERSARY  Mebtino  of  the  Members  was 
beld  in  the  Lecture  Theatre  of  the  Midland  Institute,  Birmingham, 
on  Thursday,  25th  January,  1866 ;  Robert  Napier,  Esq.,  President, 
in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and 
confirmed. 

The  Secretary  then  read  the  following 

ANNUAL  EEPORT  OF  THE  COUNCIL. 
1866. 

The  Council  have  great  pleasure,  on  the  occasion  of  the 
Nineteenth  Anniversary  of  the  Institution,  in  congratulating  the 
Members  upon  the  very  satisfactory  position  and  the  continued 
progress  of  the  Institution. 

The  FinancifiJ  statement  of  the  affairs  of  the  Institution  for  the 
year  ending  Slst  December  1865  shows  a  balance  in  the  Treasurer's 
hands  of  £3474  3«.  lOd.  after  the  payment  of  the  accounts  due  to 
that  date.  The  Finance  Committee  have  examined  and  checked 
the  receipts  and  payments  of  the  Institution  for  the  last  year  1865, 
and  report  that  the  following  Balance  Sheet  rendered  by  the 
Treasurer  is  correct.     (^See  Balance  Sheet  appended.) 

The  Council  report  with  great  satisfiaction  the  large  increase  in 
the  number  of  Members  that  has  taken  place  during  the  last  year ; 
the  total  number  of  Members  of  all  classes  for  the  year  being  652, 
of  whom  15  are  life  Members,  86  are  Honorary  Members,  and  3  are 
Graduates,  being  an  effective  increase  of  80  during  the  year. 
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The  following  deceases  of  Members  of  the  Xnstitutioii  have 
ocenrred  during  the  last  year  1865  :— 

Hbnrt  Peet, Wolverton. 

William  Eeld  Whttehead,        .        .        Paragaay. 
Nicholas  Wood, Hetton. 

The  Council  have  the  pleasure  of  acknowledging  the  following 
Donations  to  the  library  of  the  Institution  during  the  past  year  ; 
and  also  of  expressing  their  thanks  to  the  Donors  for  the  valuable 
and  acceptable  additions  they  have  presented.  The  Council  wish 
to  urge  on  the  attention  of  the  Members  the  important  advantage 
of  obtaining  a  good  collection  of  Engineering  Books,  Drawings,  and 
Models  or  Specimens  of  interest  in  the  Institution,  for  the  purpose 
of  reference  by  the  Members  personally  or  by  correspondence  ;  and 
they  trust  this  desirable  object  will  be  promoted  by  the  Members 
generally,  so  that  by  their  united  aid  it  may  be  efficiently 
accomplished.  Members  are  requested  to  present  copies  of  their 
Works  to  the  Library  of  the  Institution. 

LIST  OF  DONATIONS  TO  THE  LIBRARY. 

Smithsonian  Meteorological  Observations  from  1854  to  1859  j  from  the  Smithsonian 

Institution,  Washington. 
Annual  Report  of  the  Smithsonian  Institution  for  1863 ;  from  the  Institution. 
Statistics  of  the  Foreign  and  Domestic  Commerce  of  the  United  States  for  1864  ] 

from  the  Smithsonian  Institution. 
The  Iron  Trade  of  Carinthia,  by  Joseph  de  Rosthom ;  from  the  author. 
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Report  of  the  British  Association  for  the  Advancement  of  Scionco ;   from  the 

Association. 
Transactions  of  the  Society  of  Engineers ;  from  the  Society. 
Transactions  of  the  Institution  of  Engineers  in  Scotland ;  from  the  Institution. 
Proceedings  of  the  South  Wales  Institute  of  Engineers  j  from  the  Institute. 
Journal  of  the  Architect  and  Engineers'  Society  for  the  kingdom  of  Hannover  j 

frt)m  the  Society. 
Journal  of  the  Boyal  United  Service  Institution ;  from  the  Institution. 
Proceedings  of  the  Boyal  Institution  of  Great  Britain ;  from  the  Institution. 
Report  of  the  Boyal  Cornwall  Polytechnic  Society ;  from  the  Society. 
Report  of  the  Midland  Steam  Boiler  Association ;  from  Mr.  Edward  B.  Marten. 
United  States  Patent  Office  Report  j  from  the  Commissioners. 
Journal  of  the  Board  of  Arts  and  Manufactures  for  Upper  Canada ;  from  the 

Board. 
Journal  of  the  Society  of  Arts ;  from  the  Society. 
The  Engineer ;  from  the  Editor. 
The  Mechanics*  Magazine ;  from  the  Editor. 
The  Civil  Engineer  and  Architect's  Journal  j  from  the  Editor. 
The  London  Journal  of  Arts ;  from  the  Editor. 
The  Artizan  Journal ;  from  the  Editor. 
The  Practical  Mechanic's  Journal ;  from  the  Editor. 
The  Mining  Journal ;  from  the  Editor. 
The  EaUway  Becord ;  fi^m  the  Editor. 
The  Steam  Shipping  Jqjimal ;  fi^m  the  Editor. 

Specimen  of  Blenkinsop  Back  Bail  and  Chairs ;  from  Mr.  Alexander  Allan. 
Specimens  of  improved  Safety  Valve  for  Steam  Boilers;   from  Mr.  William 

Naylor. 
Specimens  of  Gunmetal  and  Wrought  Iron  Tuyeres ;  from  Mr.  N.  Neal  Solly  and 

Mr.  Thomas  Holcroft. 
Bust  of  the  President,  Bobert  Napier,  Esq. ;  presented  by  Mr.  Napier. 

Tlie  Council  have  great  satisfaction  in  referring  to  the  number 
and  character  of  the  Papers  that  have  been  brought  before  the 
meetings  during  the  past  year,  and  the  practical  value  and  interest 
of  the  communications  and  the  discussions  that  took  place  upon 
them,  which  form  a  valuable  addition  to  the  Proceedings  of  the 
Institution.  The  Council  request  the  special  attention  of  the  Members 
to  the  importance  of  their  aid  and  co-operation  in  carrying  out  the 
objects  of  the  Institution  and  maintaining  its  advanced  position,  by 
contributing  papers  on  Engineering  subjects  that  have  come  under 
their  observation,  and  communicating  the  particulars  and  results  of 
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ezecTited  works  and  practical  experiments  that  may  be  serviceable 
and  interesting  to  the  Members ;  and  they  invite  commnnications 
npon  the  subjects  in  the  list  appended  and  other  subjects  advantageous 
to  the  Institution. 

The  following  Papers  have  been  read  at  the  Meetings  during  the 
last  year: — 
On  the  relative  advantages  of  the  Inoh  and  the  Metre  as  the  Standard  Unit  of 

Decimal  Measure ;  hy  Mr.  John  Femie,  of  Leeds. 
On  the  application  of  Steam  Power  to  Cultivation;  by  the  late  Mr.  John  Fowler, 

and  Mr.  David  Greig,  of  Leeds. 
Description  of  a  High-Speed  Compressed- Air  Hammer,  for  Planishing,  Stamping, 

Forging,  &o. ;  bj  Mr.  William  D.  Orimshaw,  of  Birmingham. 
On  Machinery  employed  in  the  Preparation  and  Spinning  of  Flax;  hj  Mr. 

Thomas  Greenwood,  of  Leeds. 
Description  of  a  Portable  Steam  Eivetter ;  by  Mr.  Andrew  WylHe,  of  Liverpool. 
On  the  Mannfaotnre  of  Compressed  Peat  Fnel ;  by  Mr.  Charles  Hodgson,  of 

Portarlington. 
Description  of  the  Bank-Note  Printing  Machine  at  the  Bank  of  Lreland ;  by  Mr. 

Thomas  Gmbb,  of  Dablin. 
Description  of  a  Bock  Boring  Machine ;  by  Mr.  George  Low,  of  Dublin. 
On  the  new  Dublin  Corporation  Water  Works  for  the  supply  of  Water  from  the 

River  Vartry ;  by  Mr.  Parke  Neville,  of  Dublin. 
On  an  improved  Safety  Valve  for  Steam  Engine  Boilers;  by  Mr.  William  Naylor, 

of  London. 
On  an  improved  method  of  Taking  Off  the  Waste  G^  from  Open-Topped  Blast 

Furnaces  5  by  Mr.  George  Addenbrooke,  of  Darlaston. 
Description  of  a  Gunmetal  Tuyere  fbr  Blast  Furnaces ;  by  Mr.  N.  Neal  Solly,  of 

WillenhalL 

The  Council  have  particular  pleasure  in  referring  to  the  great 
success  and  interest  of  the  Annual  Meeting  of  the  Institution  that 
was  held  in  Dublin  last  summer  during  the  time  of  the  Dublin 
International  Exhibition,  and  in  expressing  their  special  thanks  to 
the  Local  Committee,  the  authorities  of  the  University  of  Dublin, 
and  the  Honorary  Local  Secretaries,  Dr.  Downing  and  Mr.  G. 
Arthur  Waller,  for  their  excellent  arrangements  and  the  very- 
handsome  reception  that  was  given  to  the  Members  of  the  Institution 
on  that  occasion ;  and  also  their  thanks  to  the  railway  authorities 
for  the  special  arrangements  granted  for  the  excursions.      The 
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Coxmcil  refer  particularly  to  tlie  great  advantage  afforded  to  the 
Members  in  tlie  admirable  opportunity  provided  them  for  visiting 
the  important  works  of  the  Dublin  Corporation  Water  Works,  the 
Peat  Works,  Copper  Works,  and  Lead  Works ;  and  they  offer  their 
acknowledgments  to  the  authorities  of  the  several  works  for  the 
great  facilities  afforded  to  the  Members  for  seeing  the  works  and 
the  handsome  reception  given  to  them  on  the  occasion.  The 
Coxmcil  look  forwards  with  confidence  to  the  important  advantages 
arising  from  the  continuance  of  these  Annual  Meetings  in  different 
parts  of  the  country,  from  the  facilities  afforded  by  them  for  the 
personal  communication  of  the  Members  in  different  districts,  and 
from  the  opportunities  of  visiting  the  important  Engineering  Works 
that  are  so  liberally  thrown  open  to  their  inspection  on  those 
occasions. 

The  Council  have  had  under  consideration  for  some  time  the 
following  modifications  in  the  Rules  respecting  the  qualification 
and  titles  of  Members  and  the  Meetings  of  the  Institution  &c.,  and 
now  recommend  them  for  adoption : — 

That  instead  of  the  age  for  the  admission  of  both  Graduates  and 
Members  being  the  same,  namely  21  years,  the  age  for  the  admission 
of  Graduates  be  3  years  earlier  or  18  years,  and  that  for  Members 
be  3  years  later  or  24  years. 

That  instead  of  the  title  of  Honorary  Members  now  applied  to 
subscribing  honorary  members,  the  title  of  Associates  be  adopted ; 
and  that  the  title  of  Honorary  Members  be  restricted  to  cases  of  free 
membership  specially  presented  by  the  Council. 

That  all  communications  to  tbe  Meetings  are  to  be  the  property 
of  the  Institution,  and  to  be  published  only  by  the  authority  of  the 
Council. 

That  the  four  General  Meetings  of  the  Institution  in  each  year 
be  as  follows : — three  to  be  in  Birmingham,  on  the  fourth  Thursday 
in  the  months  of  January,  April,  and  October ;  and  the  fourth  to  be 
the  Annual  Meeting  held  in  the  sunmier  in  different  localities  to  be 
arranged  by  the  Council ;  the  January  Meeting  to  be  the  Anniversary 
Meeting  for  the  annual  election  of  officers. 
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The  President,  Vice-Presidents,  and  five  of  the  Members  of  the 
Council  in  rotation,  go  out  of  office  this  day,  according  to  the  roles 
of  the  Institution ;  and  the  ballot  will  be  taken  at  the  present 
Meeting  for  the  election  of  the  Ofl^cers  and  Council  for  the  ensuing 
year. 


SUBJECTS  FOR  PAPERS. 

Stbam  Engine  Boilers,  particnlars  of  constmction — form  and  extent  of  heating 
snrfaoe — ^relative  yalae  of  radiant  surface  and  flue  snrface  in  effect  and 
economy— cost— consumption  of  fuel — evaporation  of  water — preesore  of 
steam — density  and  heat  of  steam — superheated  steam,  simple  or  mixed  with 
common  steam — ^pressure  gauges — safety  yalyes — water  gauges — explosion 
of  hoilers,  and  means  of  prevention — effects  of  heat  on  the  metal  of  boilerfl, 
low  pressure  and  high  pressure — steel  boilers— oast  iron  boilers — ^welded 
boilers — incrustation  of  boilers,  and  moans  of  prevention — corrosion  of 
boilers,  and  means  of  preventions-effects  of  surface  condensers  on  the 
metal  of  boilers — evaporative  power  and  economy  of  different  kinds  of 
fuel,  coal,  wood,  charcoal,  peat,  patent  coal,  and  coke — moveable  grates, 
and  smoke-consuming  apparatus,  facts  to  show  the  best  plan,  and  results 
of  working — plans  for  heating  feed  water — mode  of  feeding — use  of 
injector — circulation  of  water. 

Steam  Engines— expansive  force  of  steam,  and  beet  means  of  using  it — ^power 
obtained  by  various  plans — comparison  of  double  and  single  cvlinder 
engines — combined  engines — compound  cylinder  engines — comparative 
advantages  of  direct-acting  and  beam  engines — engines  for  manufacturing 
purposes — ^horizontal  and  vertical — condensing  and  non-condensing — 
injection  and  surface  condensers — ^air  pumps — governors — valves — bearings, 
&c. — improved  expansion  gear — indicator  diagrams  from  engines,  with 
details  of  useftd  effect,  consumption  of  fuel,  &o. — oontribntions  of  indicator 
diagrams  for  reference  in  the  Institution. 

Pumping  Engines,  particulars  of  various  constructions — Cornish  engines,  beam 
engines  with  crank  and  flywheel,  direct-acting  eng^es  with  and  without 
flywheel — size  of  steam  cylinder  and  degree  of  expansion — number  and  size 
of  pumps,  and  strokes  per  minute — speed  of  piston — pressure  upon  pump^ 
effective  horse  power  and  duty— comparison  of  double-acting  and  single-acting 
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pumping  engines — oonstmotion  of  pnnips — ^plunger  pumps — bucket  pumps 
— ^particnlar  details  of  different  vaJves — india-mbber  valves,  durability  and 
results  of  working — diagrams  of  lift  of  valves — application  of  pumps — fen- 
draining  engines — comparative  advantages  of  scoop  wheels  and  centrifugal 
pumps,  lifting  trough,  &c. — details  of  pit  work  of  pumping  engines  at  mines. 

Blast  Engines,  best  kind  of  engine — size  of  steam  cylinder,  strokes  per  minute, 
and  horse  power — details  of  boilers — size  of  blowing  cylinder,  and  strokes  per 
minute — ^pressure  of  blast,  and  means  of  regulation — construction  of  valves 
— ^improvements  in  blast  cylinders — rotary  blowing  machines — indicator 
diagrams  from  air  main  and  steam  cylinder. 

Mabinb  Engines,  power  of  engines  in  proportion  to  tonnage — different  con- 
structions of  engines,  double  cylinder  engines,  trunk  engines — use  of  steam 
jackets — dynamical  effect  compared  with  indicator  diagrams — comparative 
economy  and  durability  of  different  boilers,  tubular  boilers,  flat-flue  boilers, 
Ac. — brine  pumps,  and  means  of  preventing  deposit — salinometers — weight 
of  machinery  and  boilers — kind  of  paddle  wheels — speed  obtained  in  British 
war  steamers,  in  British  merchant  steamers,  and  in  Foreign  ditto,  with 
particulars  of  the  construction  of  engines  with  paddle  wheels,  &c. — screw 
propellers,  particulars  of  different  kinds,  improvements  in  form  and  position, 
number  of  arms,  material,  means  for  unshipping,  bearings,  horse  power 
applied,  speed  obtained,  section  of  vessel — governors  and  storm  governors. 

BoihUiT  Engines,  particulars  of  construction  and  practical  application — details 
of  results  of  working. 

LocoMOTiVB  Engines,  particulars  of  construction,  details  of  experiments,  and 
results  of  working — consumption  of  fuel — ^relative  value  and  evaporative 
duty  of  coke  and  coal — consumption  of  smoke — ^use  of  wood  and  construc- 
tion of  spark  arresters — heating  surface,  length  and  diameter  of  tubes — 
material  of  tubes — experiments  on  size  of  tubes  and  blast  pipe — construction 
of  pistons,  valve  gear,  expansion  gear,  &c. — indicator  diagrams — expenses 
of  working  and  repairs — means  of  supplying  water  to  tenders — ^locomotives 
for  steep  gradients  and  sharp  curves — distribution  of  weight  on  wheels. 

Agbicttltural  Engines,  details  of  construction  and  results  of  working — duty 
obtained — application  of  machinery  and  steam  power  to  agricultural 
purposes — bam  machinery — field  implements — traction  engines,  particulars 
of  performance  and  cost  of  work  done. 

Calobic  Engines — engines  worked  by  gas,  or  explosive  compounds — electro- 
magnetic engines — ^particulars  and  results. 

Hydraulic  Engines,  particulars  of  application  and  working — pressure  of 
water — construction  and  arrangement  of  valves,  relief  valves — construction 
of  joints — hydraulic  rams. 

Water  Wheels,  particulars  of  construction  and  dimensions — form  and  depth  of 
buckets — head  of  water,  velocity,  percentage  of  power  obtained — turbines, 
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oongtmotion  and  practical  application,  power  obtained,  comparative  effect 

and  economy'. 
Wind  Mills,  particnlars  of  constmction — ^number  of  sails,  surface  and  form 

of  sails— velocity,  and  power  obtained — average  number  of  days*  woric  per 

annnm. 
Ck>EN  Mills,  particnlars  of  improvements — power  employed — ^application  of 

steam  power — ^results  of  working  with   an  air  blast  and  ring  stones — 

omshing  by  rolls  before  grinding — advantages  of  regularity  of  motion. 
Sugar  Mills,  particulars  of  construction  and  working — ^results  of  application 

of  the  hydraulic  press  in  place  of  rolls — application  of  steam  and  water 

for  extracting  the  last  portion  of  saccharine  matter — construction   and 

working  of  evaporating  pans. 
Oil  Mills,  facts  relating  to  construction  and  working,  hy  stampers,  by  screw 

presses,  and  hy  hydraulic  presses — particulars  of  crushing  rollers  and  edge 

stones. 
Cotton  Mills,  information  respecting  the  construction  and  arrangement  of  the 

machinery — ^power  employed,  and  application  of  powei^-ootton  presses, 

mode  of  construction  and  working,  power  employed — improvements  in 

spinning,  carding,  and  winding  machinery,  &o. 
Galico-Printino  and  Blbachino  Machinxrt,  particulars  of  improvements. 
Wool  Machinery,  carding,  combing,  roving,  spinning,  Ac. 
Flax  Machinery,  manu£Aoture  of  flax,  china  grass,  and  other  fibrous  matenals, 

both  in  the  natural  length  of  staple  and  when  cut. 
Bopr-Makino    Machinery — hemp    and    wire    rqpes,    comparative    strength, 

durability,  and  cost — steel  wire  ropes. 
Saw  Mills,  particulars  of  construction — mode  of  driving^ — ^power  employed — 

particulars  of  work  done — ^best  speeds  for  vertical  and  circular  saws — form 

of  saw  teeth — saw  mills  for  cutting  ship  timbers — veneer  saws — endless 

band  saws. 
Wood-Working    Machines,    morticing,   planing,    rounding,    and   sur&cing^ — 

copying  machinery. 
Glass    Machinery — manufacture  of  plate  and  sheet  glass— construction  of 

heating  furnaces,  annealing  kilns,  &o. — grinding  and  polishing  machinery. 
Lathes,  Planing,  Boring,  Drilling,  and  Slotting  Machines,  Ac.,  particulars 

of  improvements— description  of  new  self-acting  tools — engineers'  tools — 

files  and  file-cutting  machinery. 
BoLLiNo  Mills,  improvements  in  machinery  for  making  iron  and  steel — ^mdde 

of   applying    power — ^use   of  steam  hammers — spiling   of  iron — plates — 

fancy  sections — arrangement  and  speed  of  rolls — length  of  bar  rolled — 

manufacture  of  rolled  girders— rolling  of  armour  plates — reversing  rolls. 
Steah    Hahiters,    improvements   in   construction   and    application — friction 

hanmiers — air  hammers. 
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-BiTXTTiNO,  Punching,  and  Shearing  Machines,  worked  hj  steam  or  bjdranlio 
pressure — direct-acting  and  lever  machines — portable  machines — compara- 
tive strength  of  drilled  and  punched  plates — ^rivet-making  machines. 

Stamping  and  Coining  Machinery,  particulars  of  improvements,  &o. 

Locks,  and  lock-making  machinery — iron  safes. 

Paper-Making  and  Paper-Cutting  Machines,  new  materials  and  results. 

Printing  Machines,  particulars  of  improvements,  Ac. — machines  for  printing 
&om  engraved  surfaces — type  composing  and  distributing  machines. 

Water  Pumps,  facts  relating  to  the  best  construction,  means  of  working,  and 
application — ^velocity  of  piston — construction,  lift,  and  area  of  valves. 

Air  Pumps,  facts  relating  to  the  best  construction,  means  of  working,  and 
application — velocity  of  piston — construction,  lift,  and  area  of  valves. 

Hydraulic  Presses,  facts  relating  to  the  best  constraction,  means  of  working, 
and  application — economical  limit  of  pressure. 

Botary  and  Centrifugal  Pumps,  ditto  ditto  ditto. 

Fire  Engines,  hand  and  steam,  ditto  ditto  ditto. 

Sluices  and  Sluice  Cocks,  worked  by  hand  or  hydraulic  power,  ditto. 

Crv^es,  steam  cranes,  hydraulic,  cranes,  pneumatic  cranes,  travelling  cranes. 

Lifts  for  raising  railway  wagons — ^hoists  for  warehouses — safety  apparatus. 

Toothed  Wheels,  best  construction  and  form  of  teeth — ^results  of  working — 
power  transmitted — method  of  moulding — strength  of  iron  and  wood 
teeth. 

Driving  Belts  and  Straps,  best  make  and  material,  leather,  gutta  percha, 
vulcanised  india-rubber,  rope,  wire,  chain,  &c.— comparative  durability, 
and  results  of  working — ^power  communicated  by  certain  sizes — frictional 
gearing,  construction  and  driving  power  obtained — ^friction  clutches — 
shafting  and  couplings. 

Btkamometers,  construction,  application,  and  results  of  working. 

Decimal  Measurement — application  of  decimal  system  of  measurement  to 
mechanical  engineering  work — drawing  and  construction  of  machinery, 
manufactures,  &c. — construction  of  measuring  instruments,  gauges,  &o. 

Strength  of  Materials,  facts  relating  to  experiments,  and  general  details  of 
the  proof  of  girders,  &c. — girders  of  cast  and  wrought  iron,  particulars 
of  different  constructions,  and  experiments  on  them — rolled  girders — ^best 
forms  and  proportions  of  girders  for  diflferent  purposes — best  mixture  of 
metal — mixtures  of  wrought  iron  with  cast. 

DuBABiLiTY  OP  TiMBER  of  various  kinds — best  plans  for  seasoning  and  pre- 
serving timber  and  cordage — results  of  various  processes — comparative 
durability  of  timber  in  different  situations^-experiments  on  actual  strength 
of  timber. 

Corrosion  of  Metals  by  salt  and  fresh  water,  and  by  the  atmosphere,  &o. — 
facts  relating  to  corrosion,  and  best  means  of  prevention — ^means  of  keeping 
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shipe'  bottoms  clean — galTaaio  action,  nature,  and  preYentrres. 

Allots  op  Mstals,  facts  relating  to  different  alloys. 

Friction  of  Various  Bodies,  facts  relating  to  friction  under  ordinary  oiroum- 
stances — facts  on  increase  of  fHction  by  redaction  of  surface  in  contact — 
friction  of  iron,  brass,  copper,  tin,  wood,  &c.— -proportion  of  weight  to 
Tabbing  sarflBhce — best  forms  of  joamals,  and  constraction  of  azlebozee — 
wood  bearings— water  axlebozes — ^labrioation,  best  materials,  means  of 
application,  and  results  of  practical  trials — ^best  plans  for  oil  tests — friotioa 
breaks. 

Iron  Boofs,  particulars  of  constraction  for  different  purposes — durability  in 
various  climates  and  situations— comparatiye  cost,  weight,  and  durability — 
roofs  for  slips  of  cast  iron,  wrought  iron,  timber,  &o, — ^bost  construction, 
form,  and  materials — details  of  large  roofs,  and  cost. 

FiRE-PROOT  BuiLDiNes,  particulars  of  construction — most  efficient  plan— results 
of  trials. 

Chimney  Stacks  of  large  size— particulars,  form,  mode  of  building,  chei^>e8t 
construction,  &c. — force  of  draught,  and  temperature  of  current. 

Bricks,  manufacture,  durability,  and  strength — ^hollow  bricks,  fire  bricks,  and 
fire  clay — perforated  bricks,  cost  of  manufacture,  and  advantages — dry  day 
bricks — ^machines  for  brick  making — burning  of  bricks. 

Gas  Works,  best  form,  size,  and  material  for  retorts — construction  of « retort 
ovens — quantity  and  quality  of  gas  from  different  coals^-oil  gas,  cheapest 
mode  of  making — ^wator  gas,  &c. — improvements  in  purifiers,  condensers, 
and  gasholders — wet  and  dry  gas  meters— self-regulating  meters — ^pressure 
of  gas,  gas  exhauster— gas  pipes,  strength  and  durability,  and  construction 
of  joints — proportionate  diameter  and  length  of  gas  mains,  and  velocity 
of  the  passage  of  gas — experiments  on  ditto,  and  on  the  friction  of  gas 
in  mains,  and  loss  of  pressure. 

Water  Works,  facts  relating  to  water  works — application  of  power,  and 
economy  of  working — proportionate  diameter  and  length  of  pipes — experi- 
ments on  the  discharge  of  water  from  pipes,  and  friction  through  pipes — 
strength  and  durability  of  pipes,  and  construction  of  joints — ^penetration 
of  frost  in  different  climates — ^relative  advantages  of  stand  pipes  and  air 
vessels — water  meters,  construction  and  working. 

Well  Sinking,  and  Artesian  Wells,  facts  relating  to — ^boring  tools, 
construction  and  mode  of  using. 

Tunnelling  Machines,  particulars  of  construction,  and  results  of  working. 

Goffer  Dams  and  Piling,  facts  relating  to  construction — cast  iron  sheet  piling. 

Piers,  fixed  and  floating,  and  pontoons,  ditto  ditto. 

Pile  Driving  Apparatus,  particulars  of  improvements — use  of  steam  power — 
particulars  of  working — weight  of  ram  and  height  of  fall,  total  number  of 
blows  required — vacuum  piles— compressed  air  system — screw  piles. 
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Dredging  Machines,  particnlars  of  improyements — application  of  dredging 
maohines*— power  reqnired  and  work  done. 

Biting  Bells  and  Biting  Bresses,  facts  relating  to  the  best  constniction. 

Lighthouses,  oast  iron  and  wrought  iron,  ditto  ditto. 

Ships,  iron  and  wood — details  of  construction — ^lines,  tonnage,  cost  per  ton — 
water  ballast — steel  masts  and  yards,  and  wire  rope  rigging — comparatiTe 
strength  and  adTantage  of  iron  and  wood  ships. 

Guns,  cast  iron,  wrought  iron,  and  steel — manufacture  and  proof — rifling — 
manufacture  of  shot  and  shells. 

Mining  Operations,  facts  relating  to  mining — modes  of  working  and  propor- 
tionate yield — coal  cutting  machines — means  of  Tentilating  mines — use  of 
Tentilating  macliinery — safety  lamps — lighting  mines  by  gas —  ainage  of 
mines — sinking  pits — mode  of  raising  materials — safety  guides —winding 
machinery — ^underground  conTcyance — stone  breaking  machines — mode  of 
breaking,  pulTcrising,  and  sifting  Tarious  descriptions  of  ores. 

B1.ASTING,  facts  relating  to  blasting  under  water,  and  blasting  generally — use  of 
gun-cotton,  &c. — effects  produced  by  large  and  small  charges  of  powder — 
arrangement  of  charges. 

Blast  Furnaces,  shape  and  size — consumption  of  fuel — burden,  make,  and 
quality  of  metal — pressure  of  blast — ^horse  power  required — economy  of 
Twrking — improTements  in  manufacture  of  iron — comparatiTe  results  of  hot 
and  cold  blast — ^increased  temperature  of  blast — construction  and  working 
of  hot  blast  OTons — ^pyrometers — construction  of  tuyeres — means  and 
results  of  application  of  waste  gas  from  close-topped  and  open-topped 
furnaces — ^preparation  of  materials  for  famace  and  mode  of  charging. 

Puddling  Furnaces,  best  forms  and  construction — worked  with  coal,  char- 
coal, &c. — application  of  machinery  to  puddling. 

Heating  Furnaces,  best  construction — consumption  of  fuel,  and  heat  obtained. 

CoNTERTiNG  FuRNACES,  Construction  of  furnaces — manufacture  of  steel — 
casehardening,  &c. — conTcrting  materials  employed. 

Smiths'  Forges,  best  construction — size  and  material — power  of  blast — hot 
blast,  &c. — construction  of  tuyeres. 

Smiths'  Fans  and  Fans  generally,  best  construction,  form  of  blades,  &c. — facts 
relating  to  power  employed  and  percentage  of  effect  produced — pressure  and 
quantity  of  air  discharged — size  and  construction  of  air  mains — mechanical 
Tentilation  and  warming  of  public  buildings. 

Coke  and  Charcoal,  particulars  of  the  best  mode  of  making,  and  construction 
of  OTens,  &c. — open  coking,  mixtures  of  coal  slack  and  other  materials — 
eTaporatiTO  power  of  different  Tarieties — peat,  manufacture  of  compressed 
peat. 
Railways,  construction  of  permanent  way — section  of  rails,  and  mode  of 
manufacture — mode    of   testing    rails — experiments    on    rails,   deflection, 
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deterioration,  and  oomparative  durability — ^material  and  form  of  sleepers, 

size,  and  distances — ^improvements  in  chairs,  keys,  and  joint  fastenings — 

permanent  way  for  hot  climates. 
Switches  and  Ckossinos,  particolars  of  improvements,  and  results  of  working. 
TuaNTABLBS,  particulars  of  various  constructions  and  improvements — engine 

turntables. 
Signals  for  stations  and  trains,  and  self-acting  signals. 
Electric  Telegraphs,  improvements  in  construction  and  insulation— coating 

of  wires — ^underground  and  submarine  cables — ^mode  of  laying. 
Bailwat  Carrugbs  and  Wagons,  details  of  construction — proportion  of  dead 

weight. 
Breaks  for  carriages  and   wagons,    best   construction — self-acting  breaks — 

continuous  breaks. 
BuTFERS  for  carriages,  &o.,  and  station  buffers — different  constructions  and 

materials. 
Couplings  for  carriages  and  wagons — safety  couplings. 
Springs  for  carriages,  &c. — ^buffing,  bearing,  and*  draw  springs — ^range,  and 

deflection  per  ton — particulars  of  different  constructions  and  materials,  and 

results  of  working. 
Bailwat  Wheels,  wrought  iron,  cast  iron,  and  wood — ^particulars  of  different 

constructions,  and  results  of  working— comparative  expense  and  durability 

— ^wrought  iron  and  steel  tyres,  comparative  economy  and  results  of  working 

— mode  of  fixing  tyres — ^manufacture  of  weldless  tyres,  and  solid  wrought 

iron  wheels. 
Bailwat  Axles,  best  description,  form,  material,  and  mode  of  manu&cture. 


The  Papers  are  to  be  written  in  the  third  person,  on  foolscap  paper,  on  one 
side  only  of  each  page,  leaving  a  clear  margin  of  an  inch  width  on  the  left  side. 
In  the  subjects  of  the  papers,  extracts  from  printed  publications  and  questions  of 
patent  right  or  priority  of  invention  are  not  admissible. 

The  Diagrams  to  be  on  a  large  scale  and  strongly  coloured,  so  as  to  be 
clearly  visible  to  the  meeting  at  the  time  of  reading  the  paper.  Enlarge  details 
to  be  added  for  the  illustration  of  any  particular  portions,  drawn  full  size  or 
magnified,  with  the  different  parts  strongly  coloured  in  distinctive  colours. 
Several  explanatory  diagrams  drawn  roughly  to  a  large  scale  in  dark  pencil  linee 
and  strongly  coloured  are  preferable  to  a  few  small-scale  finished  drawings. 
The  scale  of  each  diagram  to  be  marked  upon  it. 
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MEMOIRS 

OF  MEMBERS   DECEASED   IN   1865. 


Henry  Pbet  was  bom  at  Wigan  in  1813  ;  and  after  serving  his 
time  nnder  Messrs.  Thompson  and  Cole,  engineers  and  millwrights, 
at  Bolton,  he  had  charge  of  the  engine  station  of  the  London  and 
North  Western  Bailwaj  at  Preston,  nntil  his  appointment  in  1857 
as  locomotive  superintendent  of  the  Lancaster  and  Carlisle  Railway. 
Subsequently,  on  the  amalgamation  of  this  line  with  the  London 
and  North  Western  Railway  in  1862,  he  became  manager  of  the 
locomotive  works  at  Wolverton.  He  was  elected  a  Member  of  the 
Institution  in  1859,  and  died  at  Wolverton  after  an  illness  of  six 
months  on  10th  February  1865,  in  the  fifty-third  year  of  his  age. 

William  H.  Keld  Whttbhead  was  bom  in  London  in  1825 ;  and 
after  serving  his  apprenticeship  to  Messrs.  J.  and  A.  Blyth  of 
Inmehouse,  he  was  for  some  years  the  editor  of  the  "  Artizan."  In 
1854  he  was  appointed  engineer-in-chief  to  the  Government  of 
Paraguay,  and  continued  to  occupy  that  post  up  to  the  time  of  his 
death.  The  arsenal  at  Assumption,  the  capital  of  Paraguay,  was 
organised  by  him ;  and  with  the  assistance  of  a  staff  of  English 
workmen  and  English  tools  he  executed  many  other  important 
works,  and  kept  in  efficient  order  a  considerable  fleet  of  steam 
vessels.  His  services  were  highly  valued  by  the  Government  of 
Paraguay,  but  his  health  having  been  for  nearly  three  years  in  a 
weak  state,  the  additional  labour  and  anxiety  thrown  upon  him,  in 
consequence  of  the  war  between  Paraguay  and  Brazil,  proved  too 
much  for  his  strength,  and  he  died  at  Assumption  on  the  13th  July 
1865  at  the  age  of  forty.  He  was  elected  a  Member  of  the 
Institution  in  1852. 
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Nicholas  Wood,  of  Hetton  HaJl  in  the  county  of  Dnrham,  was 
bom  on  24tli  April  1795,  at  Ryton,  Durham  ;  and  was  sent  by  Sir 
Thomas  Liddell  of  Ravensworth  to  the  Killingworth  Colliery  to 
learn  the  profession  of  colliery  viewer.  Here  he  became  acquainted 
with  the  late  George  Stephenson,  and  was  associated  with  him  in 
his  inventions  and  experiments  in  connection  with  the  Safety  Lamp 
and  the  Locomotive  Engine ;  and  although  he  continued  his  profes- 
sion of  mining  engineer,  he  was  also  intimately  connected  with  the 
progress  of  the  locomotive  and  railways.  In  1822  he  entered  into  a 
discussion  of  the  superiority  of  locomotives  over  stationary  engines 
for  working  railroads  ;  and  in  1825  he  published  a  practical  treatise 
on  railroads,  giving  the  results  of  extensive  and  important  experi- 
ments on  the  subject.  In  1829  he  was  appointed  one  of  the  judges 
to  award  the  premium  offered  by  the  Liverpool  and  Manchester 
Railway  for  the  best  locomotive  engine.  In  1845  he  was  engaged 
in  the  battle  of  the  gauges,  being  in  favour  of  the  narrow  gauge ; 
and  he  was  also  connected  with  various  railways  as  engineer  and  as 
a  director.  Mr.  Wood  occupied  a  leading  position  in  his  profession 
of.  mining  engineer,  and  held  many  important  appointments,  being 
the  mineral  adviser  to  the  Durham  Bishopric  Estates  and  to  Lord 
Ravensworth,  and  also  manager  of  the  Hetton  and  many  other 
collieries  ;  and  he  was  frequently  consulted  on  mining  matters  by 
Government.  During  the  latter  portion  of  his  life  he  confined  his 
attention  more  particularly  to  those  mining  affairs  in  which  he 
himself  held  so  large  an  interest.  He  was  elected  a  Member  of  this 
Institution  in  1858,  and  contributed  a  valuable  paper  on  the 
improvements  and  progress  in  the  working  and  ventilation  of  coal 
mines  in  the  Newcastle-on-Tyne  district  within  the  last  fifty  years. 
He  died  in  London  on  19th  December  1865  at  the  age  of  seventy. 
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The  Chairman  moved  that  the  Report  of  the  Gonncil  be 
received  and  adopted,  wluch  was  passed. 

The  several  modificatioiis  in  the  Boles  of  the  Institution, 
recommended  in  the  Report  of  the  Council,  were  then  moved  by 
the  Chairman,  and  were  passed. 

The  Ghaibman  announced  that  the  Ballot  lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following 
Officers  and  Members  of  Council  were  found  to  be  duly  elected 
for  the  ensuing  year: — 


president. 


Joseph  Whitwobth, 


Manchester. 


VICB-PRESEDBNTS. 


Charles  F.  Bbter, 
WiLLLLM  Clay, 
Robert  Hawthorn, 
Sampson  Llotd,     . 
Hbnrt  Maudslat, 
John  Ramsbottom, 


Manchester. 

Liverpool. 

Newcastle-on-Tyne. 

Wednesbury. 

London. 

Crewe. 


COUNCIL. 


John  Fernie,    . 
Sir  Charles  Fox, 
Edward  Humphrts, 
Walter  Mat, 
John  Robinson, 


Leeds. 

London. 

London. 

Birmingham. 

Manchester. 


past-presidents. 

Ex  officio  permanent  Members  of  Cowncil. 

Sir  William  G.  Armstrong,  Newcastle-on-Tyne. 

William  Fairbairn,  .        .        .  Manchester. 

James  Kennedy,    ....  Liverpool. 

Robert  Napier,         .  .  Glasgow. 

John  Pbnn, London. 
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COUNCIL. 


Members  of  Ooundl  remaining  m  office. 


John  Anderson, 
Frederick  J.  Bramwell, 
Charles  Cochrane,  . 
Edward  A.  Cowper, 
George  Harrison,     . 
Edward  Jones, 

W.   MONTGOMERIE   NeILSON, 

C.  William  Siemens,    . 
Charles  P.  Stewart, 
John  Vernon, 


Woolwich. 

London. 

Dudley. 

London. 

Birkenhead. 

Wednesbniy. 

Glasgow. 

London. 

Manchester. 

Liverpool. 


TREASURER. 

Henry  Edmunds,  .        .         Birmingham. 

SECRETARY. 

William  P.  Marshall,  .         .     Birmingham. 


The  following  New  Members  were  also  elected: 


MEMBERS. 

Charles  James  Brown,     . 

William  Bryham,  . 

Thomas  Claridge, 

Ephraim  Death,    . 

George  Fowler, 

George  Gilroy,     . 

Edwin  James  Grice, 

Charles  Frederick  Gurden, 

John  EEardy,     . 

Thomas  Eidley  Hetherington, 

John  Satchell  Hopkins,  . 

John  Kershaw, 

Conrad  Knap,   . 


Birmingham. 

Wigan. 

Bilston. 

Leicester. 

Ashbj-de-la-Zouch. 

Wigan. 

Wes  tbromwich . 

Birkenhead. 

Armagh. 

Manchester. 

Birmingham. 

London. 

Birmingham. 
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Albert  Lewis  Newdigatb, 

Shrewflbmy. 

Thomas  Parton, 

Darlaston. 

Arthur  John  Peele,    . 

Shrewsbury. 

Frederic  Cornell  Reynolds,    . 

London. 

Thomas  Rose,        .... 

Bilston. 

Joseph  Db  Rosthorn, 

Vienna. 

Frank  Shaw,         .... 

Burton-on-Trent. 

Feredat  Smith, 

Maneliester. 

Thomas  Whitwell, 

Stockton-on-Tees. 

associates. 

William  Chadwick,  . 

Leeds. 

John  Peers  Scott, 

Manchester. 

The  following  paper  was  then  read : — 
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DESCRIPTION  OP  AN  IMPROVED 
CHRONOMETRIC  GOVERNOR  FOR  STEAM  ENGINES,  4c. 


By  Me.  0.  WILLIAM  SIEMENS,  op  London. 


The  Chronometric  Governor  lias  already  formed  the  subject  of  a 
paper  read  loj  the  author  at  a  former  meeting  of  this  Institution  (see 
Proceedings  Inst.  M.  E.  1853  page  75).  It  consisted  in  its  original 
form  of  a  conical  pendulum,  freely  suspended  from  a  universal  (ball 
and  socket)  joint  (see  Plate  17,  1853),  which  was  maintained  in 
motion  by  a  force  that  was  independent  of  the  engine,  although 
constantly  replenished  by  it ;  and  the  pendulum  was  therefore  at 
liberty  to  rotate  with  a  uniform  velocity.  A  differential  motion 
between  the  conical  pendulum  and  the  engine  to  be  governed  was 
obtained  by  means  of  a  mechanical  arrangement,  whereby,  so  long 
as  the  engine  continued  to  rotate  with  precisely  the  same  velocity 
as  the  pendulum,  the  throttle- valve  would  not  change  its  position  ; 
whereas  the  smallest  acceleration  or  retardation  of  the  engine 
would  forthwith  close  or  opeu  the  valve  to  the  requisite  extent, 
for  re-establishing  the  equilibrium  between  the  power  and  the 
resistance,  at  the  speed  that  is  prescribed  absolutely  by  the  fixed 
speed  of  the  pendulum.  In  order  to  obtain  uniform  rotation  of  the 
pendulum,  it  was  necessary  that  its  angle  of  rotation  should  be 
maintained  constant,  notwithstanding  the  variations  in  the  amount 
of  its  driving  power  that  resulted  from  the  resistance  of  the  throttle- 
valve,  which  had  to  be  overcome  by  the  inertia  of  the  pendulum 
at  each  time  that  a  re-adjustment  between  the  power  and  the  load 
of  the  engine  was  required.  This  was  effected  by  increasing  on  the 
one  hand  the  maintaining  power  of  the  pendulum  beyond  what  was 
requisite  under  ordinary  circumstances,  in  order  to  guard  against 
an  occasional  deficiency  of  power ;  and  by  calHng  into  existence 
on  the  other  hand  an  extraneous  resistance  by  a  friction  break, 
whenever  the  pendulum  reached  its  full  angle  of  rotation,  in  order 
to  prevent  its  fiirther  acceleration. 
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CHRONOMETRIC   GOVERNOR. 


A  considerable  number  of  steam-engine  governors  were 
constructed  by  tbe  writer  in  accordance  witb  this  description  in 
the  years  1844-47,  which  continue  to  work  in  a  highly  satisfactory 
manner  up  to  the  present  day,  in  all  cases  where  sufficient  attention 
has  been  bestowed  upon  them.  They  continue  also  to  be  used  by 
the  Astronomer  Royal  for  regulating  the  motion  of  telescopes  and 
chronographical  apparatus  with  almost  mathematical  precision. 
Notwithstanding  these  results  however,  the  chronometric  governor 
has  not  received  an  extended  application,  owing  to  its  comparative 
costliness  and  the  delicacy  of  its  working  parts,  which  require 
frequent  attention  to  keep  them  in  perfect  order.  The  writer's 
early  attempts  to  reduce  this  governor  into  a  form  more  suited 
for  common  use  were  not  attended  with  success,  inasmuch  as  the 
accuracy  of  the  instrument  was  found  to  be  sacrificed  in  a  great 
measure ;  and  the  endeavours  of  others  in  the  same  direction  do 
not  seem  to  have  proved  more  satisfactory.  But  last  year  an  idea 
occurred  to  the  writer,  which  appeared  calculated  to  furnish  uniform 
rotation  under  varying  circumstances  of  driving  power,  without 
having  recourse  to  so  delicate  an  instrument  as  the  free  conical 
pendulum ;  and  this  idea  has  given  rise  to  the  governor  which 
forms  the  subject  of  the  present  paper. 

If  an  open  cylindrical  vessel,  such  as  a  glass  tumbler  or  cup, 
containing  a  certain  quantity  of  water,  is  made  to  rotate  upon  its 
vertical  axis,  as  shown  in  the  diagram,  Fig.  2,  Plate  1,  the  water 
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whence  it  follows  that,  when  the  speed  is  already  sufficient  to  raise 
the  liquid  to  the  edge  of  the  cup,  a  small  increase  of  speed  will 
produce  a  very  decided  overflow  of  liquid.  The  quantity  of  liquid 
within  the  cup  being  limited,  a  rise  at  the  circumference  is 
accompanied  by  a  depression  of  the  centre  ;  and  this  has  been 
taken  advantage  of  by  Mr.  Ramsbottom  to  devise  a  measure  of 
rotary  velocity,  (see  Proceedings  Inst.  M.  E.  1861  page  49). 

The  present  object  is  not  to  measure  velocity,  but  to  maintain  a 
constant  predetermined  velocity  in  steam  engines  and  other  more 
delicate  mechanism  ;  and  for  this  purpose  the  principles  of  liquid 
gyration  above  referred  to  have  been  taken  advantage  of  by  the 
writer  in  the  following  manner. 

The  improved  Chronometric  or  Gyrometric  Governor  for  Steam 
Engines  is  shown  in  Figs.  3  to  7,  Plates  1  to  4.  It  consists  of  an  open 
cup  A  of  parabolic  shape.  Figs.  4  and  5,  fixed  upon  a  vertical  spindle  B, 
and  caused  to  revolve  within  the  closed  chamber  C  containing  the 
liquid,  the  bottom  of  the  cup  being  open  and  always  immersed 
below  the  surface  of  the  liquid.  When  the  cup  is  made  to  revolve 
rapidly,  the  liquid  contained  in  it  rises  round  the  sides  of  the  cup 
and  sinks  in  the  centre,  the  surface  of  the  liquid  assuming  the 
inverted  parabolic  form  shown  in  Fig.  5  ;  and  on  reaching  the  edge 
of  the  cup  it  overflows  into  the  surrounding  chamber,  while  at  the 
same  time  a  fresh  supply  of  liquid  is  drawn  into  the  cup  through 
the  opening  in  the  bottom  :  and  the  power  absorbed  in  putting  the 
overflowing  liquid  into  motion  offers  a  continuous  resistance  to  the 
rotation  of  the  cup.  On  a  level  with  the  edge  of  the  cup,  a  series 
of  t^jelve  to  sixteen  fixed  vanes  D  are  placed  round  the  circumference 
of  the  external  chamber  0,  and  a  corresponding  set  of  blades  E  are 
also  fixed  round  the  outside  of  the  cup  just  below  the  rim  ;  so  that 
the  sheet  of  liquid  overflowiag  from  the  edge  of  the  revolving  cup 
is  thrown  agaiQst  the  vanes  D,  and  by  these  is  thrown  back  against 
the  blades  E  on  the  cup,  whereby  the  overflowing  liquid  is  made  to 
offer  an  additional  resistance  to  the  rotation  of  the  cup.  A  second 
series  of  vanes  and  blades  can  also  be  added  below  if  desired,  for 
still  further  increasing  the  resistance,  and  thereby  increasing  the 
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power  of  the  revolving  cup  as  a  governor  of  speed.  The  internal 
radial  arms  uniting  the  shell  of  the  cup  A  to  the  centre  boss,  as 
shown  in  Fig.  6,  serve  to  communicate  the  rotary  motion  to  the 
liquid  inside  the  cup  ;  while  the  bottom  of  the  external  chamber  C 
is  provided  with  a  number  of  radial  ribs,  as  shown  in  Mg.  5,  for 
the  purpose  of  checking  rotary  motion  in  the  liquid  outside  the 
cup. 

So  long  as  the  cup  is  driven  at  a  constant  speed,  the  overflow  is 
constant,  and  produces  an  absolutely  constant  resistance  ;  and 
hence,  if  the  cup  be  driven  by  a  constant  driving  power,  independent 
of  the  engine,  its  speed  is  as  uniform  as  that  of  a  chronometer, 
within  a  very  small  margra  of  variation  which  is  definitely  fixed  ; 
and  it  continues  revolving  at  an  unchanging  speed,  totally 
independent  of  the  engine,  and  consequently  afibrds  the  means  of 
forming  a  governor  for  controlling  the  speed  of  the  engine  to  a 
constantly  uniform  rate.  The  constant  power  for  driving  the  cup 
is  obtained  by  the  weight  F,  Fig.  4,  on  the  lever  of  the  throttle- valve 
spindle  Gr,  which  is  connected  with  the  spindle  of  the  cup  A  and 
also  with  the  main  driving  shaft  H  of  the  engine,  through  a  set  of 
differential  wheels  and  a  rocking  ficame  turning  loose  upon  the 
spindle  of  the  cup.  The  main  driving  shaft  H  of  the  engine  drives 
the  vertical  shaft  K,  which  carries  the  inverted  wheel  L ;  and  on 
the  bottom  of  the  spindle  B  of  the  regulating  cup,  which  is  in  a 
line  with  the  shaft  K,  is  fixed  the  pinion  J,  the  diameter  of  which 
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engine  is  in  the  opposite  direction,  and  is  constantly  tending  to 
raise  or  wind  np  the  weight. 

The  resnlt  therefore  is  that,  when  the  engine  is  running  at 
exactly  the  same  speed  as  the  governor,  so  that  the  wheel  L  makes 
exactly  one  revolution  during  the  time  that  the  governor  allows  the 
pinion  J  to  make  four  revolutions,  the  rocking  frame  M  remains 
stationary,  holding  the  throttle-valve  constantly  in  one  position, 
and  the  weight  F  neither  rises  nor  falls.  But  whenever  the  speed 
of  the  engine  exceeds  or  falls  short  of  the  proper  rate,  by  even  the 
slightest  variation,  the  differential  action  of  the  wheels  is  instantly 
called  into  play,  and  causes  the  rocking  frame  to  be  shifted  in 
position  in  the  direction  of  the  relatively  faster  wheel,  and  thereby 
closes  or  opens  the  throttle-valve  to  a  sufficient  extent  to  bring 
back  the  engine  at  once  to  the  proper  rate  fixed  by  the  governor. 
The  engine  is  therefore  compelled  to  run  with  the  same  regularity 
of  speed  as  the  governor,  while  the  regularity  of  the  governor  is 
ensured  by  the  driving  power  being  derived  from  the  constant 
weight,  which  will  always  remain  in  free  suspension  ;  because 
before  reaching  its  lower  stop  in  falling,  the  whole  of  the  steam 
woxdd  be  turned  on  and  would  accelerate  the  engine  to  raise  it ; 
and  before  reaching  its  upper  stop  in  rising,  the  supply  of  steam 
would  be  so  much  reduced  as  to  retard  the  engine,  even  if  all  its 
work  were  thrown  off,  and  give  the  preponderance  of  power  to  the 
weight. 

The  important  difference  in  principle  of  action  between  the  new 
chronometric  governor  and  the  ordinary  steam-engine  governors  at 
present  in  general  use  lies  in  the  fact  that  the  ordinary  governors 
regulate  the  speed  to  a  uniform  standard  rate  only  under  the  special 
conditions  of  work  for  which  they  are  adjusted,  and  whenever  those 
conditions  are  altered  the  standard  of  speed  becomes  altered  also. 
Thus  an  engine  having  the  full  amount  of  work  put  upon  it, 
and  governed  by  an  ordinary  ball  governor,  will  be  kept  to  a 
uniform  speed  by  the  governor  so  long  as  the  average  resistance 
to  be  overcome  by  the  engine  continues  the  same ;  but  whenever 
any  of   the  work  is   taken  off,   the    speed    of   the  engine  will 
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be  increased  to  a  higher  rate  corresponding  to  the  diminished 
resistance,  and  at  this  higher  rate  the  speed  will  then  be  kept 
nniform  by  the  governor  so  long  as  the  diminished  resistance 
continues  withont  farther  alteration.  This  arises  from  the 
circumstance  that  the  degree  of  opening  of  the  throttle- valve  is 
directly  controlled  by  the  angle  to  which  the  governor  balls  are 
raised  by  the  velocity  of  their  revolution,  the  throttle-valve  being 
moved  only  by  a  change  in  the  angle  of  suspension  of  these  balls  ; 
whence  it  follows  that  a  larger  supply  of  steam  for  overcoming  any 
increase  of  work  can  be  obtained  only  in  conjunction  with  a  smaller 
angle  of  the  governor  balls,  and  consequently  with  a  lower  speed  ; 
and  that  a  larger  angle  of  the  governor  baUs  and  consequently  a 
higher  speed  must  be  attained,  in  order  to  reduce  the  supply  of 
steam  for  meeting  any  reduction  in  the  work  done  by  the  engine. 
In  the  chronometric  governor  on  the  contrary,  it  will  be  seen  that 
the  governor  is  not  driven  by  the  engine  itself,  as  is  the  case  in 
the  ordinary  ball  governors,  but  by  the  constant  weight  on  the 
throttle- valve  lever,  whereby  a  constant  speed  of  the  governor  is 
ensured ;  and  the  slightest  deviation  of  the  engine  from  this  fixed 
speed  causes  the  throttle- valve  to  be  either  opened  or  closed  to  the 
extent  requisite  for  bringing  back  the  engine  to  that  same  rate. 
Thus  the  degree  of  opening  of  the  throttle- valve  and  the  consequent 
supply  of  steam  to  the  engine  are  altogether  independent  of  the 
speed  of  either  the  engine  or  the  governor ;  and  the  quantity  of 
steam  supplied  to  the  engine  is  always  exactly  equivalent  to  the 
quantity  of  work  to  be  performed,  while  the  speed  of  the  engine  is 
maintained  unchangeably  the  same,  to  whatever  extent  the  work 
upon  it  may  be  diminished  or  increased  within  the  limit  of  work 
which  the  engine  is  capable  of  doing  with  its  full  supply  of  steam. 

It  will  be  shown  in  the  subsequent  portion  of  the  present  paper 
that,  when  water  is  the  liquid  employed  in  the  governor,  a  cup  of 
6  inches  diameter  and  6  inches  height  of  rim  above  the  water  level, 
without  external  blades,  is  capable  of  absorbing  0004  horse  power 
without  suffering  an  increase  of  speed  exceeding  2  per  cent. ;  but  it  is 
shown  by  experiment  that  the  addition  of  the  external  blades  E 
round  the  cup  and  the  set  of  fixed  vanes  D  in  the  external  chamber, 
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Figs.  5  and  6,  increases  the  power  of  the  cap  to  0*007  horse  power, 

without  any  greater  increase  of  speed.     Assuming  that  the  work 

required  to  be  performed  by  such  a  governor  consists  in  moving  a 

throttle- valve  through  a  range  of  6  inches  (05  foot)  in  5  seconds 

(0*083  minute),  then  the  power  of  the  governor  is  sufficient  to 

overcome  a  resistance  at  the  throttle- valve  of 

0-007  X  0-083  X  88000         ^^  ok  lu 

—- =  oo'oo  lbs. 

0-5 

and  it  is  evident  that  a  resistance  of  38  lbs.  far  exceeds  what  may 
reasonably  be  expected  of  a  regulating  valve.  It  must  be  observed 
that  the  increase  of  speed  due  to  the  development  of  this  amount  of 
force  ceases  as  soon  as  the  work  is  accomplished,  or  in  a  few  seconds 
of  time ;  after  which  the  cup  and  with  it  the  engine  will  resume  the 
normal  rate.  The  governor  shown  in  Figs.  5  and  6  has  a  cup 
8  inches  diameter,  which  would  be  capable  of  overcoming  a  still 
greater  resistance. 

If  it  is  desired,  instead  of  moving  a  simple  throttle- valve,  that 
the  governor  should  act  upon  a  variable  expansion  valve,  or  even 
upon  the  sluice  of  a  waterwheel,  requiring  considerable  power  to 
move  it,  the  rocking  frame  may  be  arranged  as  a  pulley  or  wheel, 
and  may  be  connected  to  the  work  in  such  a  manner  that  several  of 
its  own  revolutions  are  required  to  accomplish  the  necessary  action, 
thereby  gaining  power  at  the  expense  of  time. 

The  liquid  that  is  employed  in  this  governor  is  either  water  or 
paraffin  oil ;  and  the  chamber  C,  Fig.  5,  containing  the  liquid  and 
revolving  cup,  is  virtually  closed,  so  that  no  loss  from  evaporation 
takes  place.  The  absolute  speed  of  the  governor  is  determined  by 
simply  changing  the  total  quantity  of  liquid  in  the  chamber  C,  the 
level  being  shown  by  the  gauge  glass  0  at  the  side  of  the  chamber. 
Fig.  3,  which  is  graduated  for  the  different  speeds.  The  liquid  is 
filled  in  when  required  through  the  closed  hole  P  in  the  cover  of  the 
chamber,  which  serves  also  for  supplying  oil  occasionally  into  the 
lubricating  cup  upon  the  top  of  the  spindle  B. 

One  of  these  governors,  working  with  water,  and  having  a  cup 
of  6  inches  diameter  and  6  inches  height,  has  now  been  in  constant 
operation  for  several  months  at  the  writer's  telegraph  works  at 
Woolwich,  employed  in  regulating  a  high-pressure  engine  running 
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at  high  speed  with  very  variable  load,  over  which  the  ordinary  ball 
governor  previously  used  had  so  little  control  that  the  engineman 
was  obliged  to  regulate  the  speed  continually  by  the  hand  stop-valve. 
The  new  governor  maintains  the  engine  at  an  exceedingly  uniform 
speed,  under  the  most  extreme  variations  of  load ;  and  no  trouble 
of  any  kind  has  been  experienced  in  its  working. 

In  the  new  governor  it  will  be  observed  that  all  the  parts  are 
readily  accessible.  The  two  vertical  spindles  B  and  K,  Fig.  6, 
rotate  in  complete  balance,  and  are  therefore  not  liable  to  wear 
sideways.  This  governor  is  also  equally  applicable  on  board  ship,  as 
a  vertical  position  of  the  revolving  cup  of  liquid  is  by  no  means 
necessary.  These  are  decided  advantages  in  favour  of  the  new 
governor  over  the  former  chronometric  governor,  the  principle  of 
this  governor  having  already  been  approved  by  many  mechanical 
engineers. 

The  principle  of  the  revolving  cup  of  liquid  has  also  been 
applied  in  a  more  delicate  and  an  absolutely  chronometric  form,  as 
shown  in  Fig.  1,  Plate  1,  for  regulating  clockwork  and  telegraph 
apparatus,  where  the  variations  of  speed  to  which  the  machinery  is  • 
exposed  are  not  by  any  means  either  so  sudden  or  so  large  in  amount 
as  in  the  case  of  a  steam  engine.  The  cup  A  is  mounted  upon  a 
spindle  B  driven  direct  by  the  clockwork  or  apparatus  that  is 
required  to  be  governed  chronometrically ;  but  instead  of  being 
fixed  on  the  spindle,  the  boss  of  the  cup  runs  free  upon  a  quick 
double-threaded  screw  formed  on  the  spindle,  and  the  driving 
power  to  make  the  cup  revolve  with  the  spindle  is  conveyed 
through  a  spiral  spring  S,  attached  to  the  spindle  and  cup,  which 
also  supports  the  weight  of  the  cup  and  liquid  when  running  at  the 
normal  speed  and  with  the  proper  amount  of  overflow.  The  result 
of  this  arrangement  is  that  the  depth  of  immersion  of  the  cup  in 
the  liquid  is  self-adjusting ;  whereby  any  tendency  to  change  of 
speed,  arising  from  the  slightest  change  of  driving  power,  is 
instantly  compensated  by  a  corresponding  change  in  the  resistance 
to  rotation,  while  the  absolute  speed  of  the  cup  continues  constant 
without  any  alteration. 
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The  chronometric  correctness  of  the  governor  in  this  more 
dehcate  and  perfect  form  will  be  nnderstood  from  the  following 
consideration  of  the  principles  of  its  action. 

The  velocity  due  to  the  height  of  the  rim  of  the  revolving  cup 
above  the  level  of  the  liquid  in  the  external  chamber  is  \/  2  gr  h, 
where  h  is  the  height  in  feet,  and  g  is  the  acceleration  (32  feet) 
produced  by  gravity  after  one  second.  In  order  therefore  that  the 
liquid  may  be  raised  so  as  to  overflow  from  the  rim  of  the  cup,  it 
must  have  this  velocity  communicated  to  it.  The  actual  velocity  of 
the  overflowing  liquid  is  the  same  as  the  tangential  velocity  of  the 
rim  of  the  cup,  or  w  x  c,  where  n  is  the  number  of  revolutions  of 
the  cup  per  second,  and  c  is  the  circumference  of  the  rim  of  the  cup 
in  feet.  Hence  the  relation  obtained  for  determining  the  speed  at 
which  a  cup  of  given  dimensions  must  rotate  at  the  moment  of 

overflow  is 

nc=^/2gh  or  «=:J-  \/2gh. 

It  will  be  observed  that  the  specific  gravity  of  the  liquid  employed 
does  not  appear  at  all  in  this  formula ;  for  the  only  forces  acting 
upon  the  liquid  in  the  cup  are  gravity,  which  is  constant,  and  the 
centrifugal  force,  which  results  solely  from  the  velocity  of  rotation 
of  the  cup,  and  is  therefore  the  same  for  all  liquids,  independent 
of  their  density.  Hence  the  density  of  the  liquid  is  immaterial 
as  regards  the  velocity  of  the  cup,  and  afiects  only  the  driving 
power  required  to  maintain  the  cup  at  that  velocity. 

Applying  the  above  formula  to  a  cup  of  6  ins.  diameter  or  1*57  ft. 
circumference,  the  height  of  rim  above  the  level  of  the  liquid  being 
6  ins.  or  0*5  ft.,  the  expression  becomes  ti  =  3:^7  X  -x/2  x  32  x  0*5 
=  3*6  revolutions  per  second ;  or  216  revolutions  per  minute  must 
be  the  speed  of  the  cup  in  order  to  maintain  the  liquid  up  to  the 
point  of  overflow.  The  same  formula  also  serves  to  determine 
either  the  diameter  or  the  height  of  cup  that  is  required  to  produce 
a  given  speed  of  revolution. 

The  above  calculation  extends  at  present  only  to  the  moment 
when  overflow  would  commence,  showing  the  speed  at  which  the 
given  cup  must  revolve  for  maintaining  the  Hquid  up  to  the  point 
of  overflow.     The  increase  of  speed  necessary  for  producing  an 
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actual  overflow,  and  tlie  quantity  of  driving  power  absorbed  by  the 
overflowing  liquid,  upon  the  mutual  relation  of  whicli  depends  the 
practical  efficiency  of  tlie  governor  as  a  cbronometric  regulator  of 
speed,  are  readily  ascertained  in  tbe  following  manner  for  any  given 
amount  of  overflow. 

Taking  the  same  cup  of  6  inches  diameter,  and  assuming  that 
the  amount  of  overflow  is  60  cubic  inches  per  second,  and  that  the 
liquid  employed  is  water,  then,  the  area  of  inlet  at  the  open  bottom 
of  the  cup  being  5  square  inches,  the  water  must  rush  into  the 
bottom  of  the  cup  with  a  velocity  of  1  foot  per  second.  In  order  to 
obtain  this  rapidity  of  flow  into  the  cup,  the  apex  of  the  liquid 
paraboloid  or  the  lowest  water  level  inside  the  cup  must  be 
depressed  below  the  water  level  in  the  external  chamber  to  the 
extent  of  the  height  due  to  a  velocity  of  1  foot  per  second  (A  =  -Jj^  t;*) 
or  -g*^  X  1*  =  ^  foot  =  0*19  inch.  Moreover  the  circumference  of 
the  6  inch  cup  being  157  feet  while  its  speed  is  3*6  revolutions 
per  second,  the  velocity  of  the  overflowing  sheet  of  water  is 
1-67  X  3*6  =  6"66  feet  per  second;  and  therefore  a  height  of 
0*05  inch  is  required  above  the  rim  of  the  cup,  in  order  to  provide 
the  necessary  area  for  the  overflow  of  60  cubic  inches  per  second. 
Hence  the  result  of  the  overflow  is  that  the  efiective  height  of 
the  cup  is  increased  altogether  jfrom  6  inches  to  6*24  inches ;  and 
therefore  the  previous  velocity  of  the  cup,  216  revolutions  per 
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Although  an  increase  in  velocity  of  only  2  per  cent.,  for 
producing  the  overflow  requisite  to  absorb  so  considerable  an 
amount  of  surplus  driving  power  as  l-250th  horse  power,  may 
not  appear  of  much  importance  in  the  ordinary  purposes  for  which 
governors  are  employed,  considering  that  this  irregularity  applies 
only  to  the  short  interval  of  a  few  seconds  and  is  moreover 
reduced  in  amount  by  the  addition  of  external  blades  round  the 
cup  as  before  described,  yet  it  is  evident  that  in  order  to  obtain 
exceedingly  uniform  rotation  with  variable  driving  power  something 
more  than  the  simple  cup  is  still  required.  It  accordingly  occurred 
to  the  writer  that,  if  by  some  automatic  arrangement  the  cup  could 
be  depressed  into  the  liquid  in  the  precise  measure  of  the  increase 
of  resistance  caused  by  the  overflow,  then  the  height  to  which  the 
liquid  woxdd  have  to  be  raised  would  remain  actually  the  same  as 
it  was  before,  and  the  time  of  rotation  of  the  cup  would  therefore 
remain  the  same  also. 

This  adjustment  is  accordingly  effected  in  the  delicate 
ohronometric  governor  shown  in  Fig.  1  by  the  introduction  of  the 
spiral  spring  S  for  connecting  the  cup  A  to  the  driving  spindle  B, 
the  upper  end  of  the  spring  being  fastened  to  the  spindle  and  the 
lower  end  to  the  centre  boss  of  the  cup,  while  this  boss  fits  upon  a 
quick  double-threaded  screw  on  the  driving  spindle.  The 
vertical  tension  of  the  spring  supports  the  weight  of  the  cup 
itself  and  of  the  liquid  contained  in  it  when  at  the  point  of 
overflow ;  but  it  is  without  any  torsional  tension  until  the  moment 
that  the  liquid  begins  to  overflow.  The  increase  of  driving  power 
which  produces  the  overflow  produces  also  a  corresponding  torsion  ^ 
of  the  spring,  and  consequently  a  corresponding  depression  of  the 
cup  upon  the  screw  threads,  the  direction  of  the  rotation  being 
arranged  to  suit  the  screw ;  and  if  the  torsion  of  the  spring  be  so 
adjusted  that  the  requisite  amount  of  depression  of  the  cup  is 
effected  for  a  given  limit  in  the  increase  of  driving  power,  then  the 
depression  for  any  intermediate  increase  will  also  be  just  sufficient 
to  correct  the  error  of  speed,  and  absolutely  uniform  rotation 
between  those  limits  of  driving  power  will  be  the  result. 
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In  order  to  test  the  accuracy  of  these  views  the  writer  has 
constructed  the  electric  clock  now  exhibited,  in  which  the  cup  of 
uniform  rotation  takes  the  place  of  the  ordinary  pendulum.  The 
driving  power  is  derived  from  a  small  "  Marie  Davy  "  or  "  Daniell " 
battery  contained  within  the  pedestal,  which  requires  no  further 
attention  beyond  being  refilled  with  protosulphate  of  mercury 
at  long  intervals.  The  vertical  driving  spindle  which  carries  the 
governor  cup  receives  motion  from  an  electro-magnet  contained 
VTithin  the  clock,  where  are  also  reducing  wheels  for  communi- 
cating the  motion  from  the  spindle  to  the  hands  upon  the 
dial,  and  a  contact  arrangement  whereby  the  electric  current  is 
alternately  broken  and  re-established  in  the  coil  in  order  to  obtain 
the  rotary  motion.  The  bottom  end  of  the  driving  spindle  rests 
on  an  adjustable  screw,  as  shown  at  T  in  Fig.  1,  by  which  the 
regulating  cup  may  be  raised  or  lowered  during  its  action,  in  order  to 
effect  the  adjustment  of  the  clock,  which  could  not  be  accomplished 
to  so  great  a  nicety  or  with  such  facility  by  any  adjustment  of  the 
strength  of  the  spiral  spring  S  that  supports  the  cup.  The  liquid 
employed  in  this  instance  is  parafl&n  oil,  which  is  particularly 
applicable  for  the  purpose  on  account  of  its  high  fluidity  and  its 
neutrality  in  a  chemical  point  of  view. 

A  peculiar  feature  of  this  clock,  as  with  the  steam-engine 
governor  already  described,  is  that  it  may  be  tipped  on  one  side 
very    considerably   without  producing  any   visible   change  in  the 
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The  cup  of  absolutely  uniform  rotation,  with  self-adjusting  dip, 
as  now  described  and  shown  in  the  electric  clock  exhibited,  was  the 
first  form  in  which  the  writer  embodied  the  idea  of  a  revolving  cup 
of  liquid  as  a  governor  of  speed.  In  applying  this  governor  to  a 
steam  engine,  it  is  evident  that,  if  the  power  and  the  load  upon  the 
engine  varied  only  between  narrow  limits,  it  might  be  possible  to 
construct  a  cup  of  uniform  rotation  large  enough  to  absorb  directly 
all  surplus  power  whenever  it  occurred,  exactly  the  same  as  in  the 
clock  and  other  delicate  machinery.  But  considering  the  actual 
extent  of  the  variations  in  the  case  of  a  steam  engine,  and  the 
importance  of  not  sacrificing  engine  power,  as  would  be  the  case  if 
all  surplus  power  were  absorbed  by  the  governor,  it  was  necessary 
to  seek  for  some  means  of  giving  the  governor  indirect  command 
over  the  engine  ;  and  this  is  therefore  accomplished  by  the  use  of 
the  difierential  motion,  and  the  rocking  frame  connected  to  the 
throttle-valve  or  expansion  valve.  At  the  same  time  the  self- 
adjusting  dip  of  the  cup  is  dispensed  with,  the  cup  being  no  longer 
carried  upon  the  driving  shaft,  button  a  separate  spindle  driven 
independently  by  the  constant  weight ;  and  the  cup  itself  is  made 
heavy,  in  order  to  increase  its  stability  of  rotation  and  to  obtain  in 
it  a  store  of  accumulated  force,  ready  at  any  moment  to  act  upon 
the  throttle- valve  of  the  engine.  It  has  also  been  seen  that  the 
addition  of  the  external  blades  round  the  rim  of  the  cup  nearly 
doubles  its  power  as  a  governor. 

The  writer's  practical  career  having  commenced  twenty-three 
years  ago  with  the  subject  of  the  chronometric  governor,  although 
his  attention  has  since  been  engrossed  with  other  subjects,  he  trusts 
that  this  application  of  a  new  principle  of  action  may  lead  to  a  more 
complete  realisation  of  the  object  in  view,  namely  the  attainment  of 
really  uniform  rotation  in  mechanism. 
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Mr.  SiEHBNS  exliibited  the  regulating  cup  and  differential  wheels 
which  had  been  at  work  in  the  governor  employed  to  regnlate  the 
engine  at  his  works  at  Woolwich  ;  he  also  showed  in  work  an  electric 
clock  regulated  by  the  more  delicate  modification  of  the  governor 
designed  for  that  purpose. 

The  Chairman  enquired  whether  in  the  application  of  the  governor 
to  marine  engines  the  pitching  of  the  vessel  would  in  any  way 
interfere  with  the  action  of  the  governor,  as  the  cup  containing  the 
liquid  would  then  be  canted  out  of  its  upright  position. 

Mr.  Siemens  replied  that  the  tilting  of  the  governor  into  an 
inclined  position  did  not  interfere  with  its  action,  as  was  shown  by 
tilting  the  clock  now  exhibited,  when  it  was  seen  that  the  speed  of 
the  governor  continued  as  regular  as  when  it  was  standing  upright 
and  steady.  This  was  in  consequence  of  the  revolving  cup  being 
made  to  dip  into  the  liquid  in  the  centre  of  the  external  chamber ; 
so  that  however  the  governor  might  be  tilted  about,  within  all 
ordinary  limits  that  could  be  met  with  in  practice,  the  bottom  of 
the  cup  would  still  remain  submerged  in  the  liquid,  as  the  centre  of 
the  liquid  would  be  exposed  to  comparatively  little  alteration  in  level. 
The  utmost  that  could  happen  would  be  that  the  open  bottom  of  the 
cup  would  become  uncovered  for  an  instant ;  but  that  would  have 
no  perceptible  effect  on  the  governor,  as  it  would  immediately 
afberwards  be  covered  again,  and  the  liquid  would  again  rise  up 
inside  the  cup  by  the  centrifugal  force.     The  rotation  of  the  governor 
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5tiiodified  form  of  the  governor  would  be  very  nseful  for  many 
•purposes ;  for  althougli  with  a  steam-engine  governor  it  was  not 
jaecessary  to  attain  anything  like  the  regularity  of  a  clock,  yet  there 
were  many  other  applications  of  the  governor  where  a  very  high 
degree  of  regularity  was  required,  especially  in  telegraphic  and 
«.stronomical  apparatus,  and  it  was  more  particularly  with  a  view 
to  these  that  he  had  constructed  the  more  delicate  modification  of 
the  governor  as  applied  to  the  clock  now  exhibited. 

The  earlier  form  of  the  chronometric  governor  with  the  conical 
pendulum  had  been  designed  by  himself  several  years  previously, 
but  was  open  to  the  great  objection  of  being  complex  and  rather 
delicate ;  and  having  lately  taken  up  the  subject  again,  he  had  been 
led  to  the  improved  construction  now  described,  the  action  of  which 
was  exceedingly  quick  on  the  slightest  alteration  of  speed  in  the 
engine,  having  a  considerable  advantage  in  this  respect  over  the 
earlier  governor,  so  that  an  engine  could  now  be  kept  working  with 
remarkable  regularity. 

The  Chairman  enquired  whether  the  delicate  governor  now 
exhibited  at  work  in  connection  with  the  electric  clock  was  capable 
of  showing  the  effect  of  any  sudden  alteration  in  the  resistance  to 
the  driving  power  of  the  clock. 

Mr.  Siemens  showed  that  the  slight  increase  of  friction  produced 
^y  the  pressure  of  a  finger  upon  the  driving  spindle  caused  the  cup 
of  the  governor  to  rise  out  of  the  liquid  so  that  the  overflow 
•diminished,  and  ceased  altogether  if  the  friction  were  sufficiently 
increased ;  but  the  speed  of  the  governor  remained  precisely  the 
same  as  before,  the  increased  power  absorbed  by  the  friction  being 
-compensated  by  the  diminished  resistance  offered  by  the  revolving 
cup  of  the  governor.  On  removing  the  friction  from  the  driving 
spindle  the  cup  again  sank  to  the  proper  depth  in  the  liquid,  and 
the  overflow  began  again,  while  the  speed  still  remained  unaltered. 

The  Chairman  enquired  whether  the  action  of  the  governor  as 
applied  to  steam  engines  would  be  sufficiently  prompt  in  the  case  of 
marine  engines  to  check  the  engine  at  once,  supposing  the  pitching 
pf  the  vessel  caused  the  screw  ever  to  be  raised  out  of  the  water 
altogether,  as  not  unfrequently  happened  in  a  rough  sea. 
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Mr.  Siemens  thouglit  tlie  action  of  tlie  governor  would  be  quite 
quick  enougli  to  meet  sucli  a  case ;  for  he  liad  found  the  governor 
regulating  the  engine  at  his  own  works  acted  so  promptly  that  even 
if  the  whole  work  was  suddenly  thrown  off  the  engine  no  visible 
effect  was  produced  on  the  speed  of  the  flywheel. 

The  Chairman  enquired  what  size  of  revolving  cup  would  be 
required  for  the  governor  of  an  engine  of  large  power ;  he  supposed 
the  size  would  be  considerable  for  an  engine  of  1000  horse  power. 

Mr.  Siemens  thought  that  for  an  engine  of  1000  horse  power  the 
cup  of  the  governor  would  not  have  to  be  more  than  16  inches 
diameter  at  the  very  utmost ;  and  probably  a  12  inch  cup  would  bo 
found  quite  sufl&cient. 

Mr.  E.  A.  CowPER  said  he  had  seen  the  governor  at  work  upon 
the  engine  at  Mr.  Siemens'  works  at  Woolwich,  and  had  made  an 
experiment  to  test  its  quickness  of  action  in  controlling  the  speed  of 
the  engine.  A  heavy  plank  of  wood  was  appHed  as  a  lever  against 
the  rim  of  the  flywheel,  so  as  to  act  as  a  break,  and  the  outer  end  was 
weighed  down  until  the  engine  had  just  as  much  work  upon  it  as  the 
steam  was  capable  of  doing  when  the  throttle-valve  was  ftdl  open. 
The  break  was  then  suddenly  released  altogether,  so  that  the  whole 
work  was  suddenly  thrown  off  the  engine,  yet  there  was  not  the 
slightest  difference  to  be  perceived  in  the  speed  of  the  engine ;  and 
this  appeared  so  surprising  that  he  had  repeated  the  experiment 
several  times,  but  with  the  same  result  in  each  case.     Thia 
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tanity  of  judging  of  tlie  eflSlciency  of  the  principle  of  tlie  governor 
&om  having  employed  a  modification  of  the  former  chronometrio 
governor  for  the  purpose  of  regulating  the  speed  of  an  engine 
driving  rolls  for  rolling  iron;  and  he  had  found  that  in  this 
case  the  action  of  the  governor  vras  perfectly  satisfactory,  as 
the  only  difference  observable  when  the  work  was  thrown  on  the 
engine  by  a  very  heavy  piece  of  iron  passing  through  the  rolls  was 
that  an  increased  volume  of  steam  issued  from  the  exhaust  pipe, 
the  speed  of  the  rolls  remaining  unaffected.  The  efficiency  of  the 
governor  in  that  case  had  proved  so  complete  that  he  had  since  put 
up  another  to  control  an  engine  having  the  most  irregular  work  to 
perform,  and  this  second  governor  had  also  worked  very  well 
indeed.  In  that  form  of  the  governor  however  there  was  no  doubt 
that  the  uniformity  of  its  action  was  somewhat  dependent  upon  the 
constancy  of  the  friction,  and  some  attention  was  therefore  required 
to  ensure  the  friction  being  maintained  always  the  same.  But  the 
improved  construction  of  governor  now  described,  having  the 
revolving  cup  of  liquid  substituted  for  the  conical  pendulum,  required 
no  attention  to  ensure  its  efficient  working,  as  its  action  did  not 
depend  upon  delicacy  of  adjustment  nor  uniformity  of  lubrication 
of  surface,  and  therefore  it  was  not  liable  to  get  out  of  order. 
The  application  of  the  governor  to  the  electric  clock  now  exhibited 
might  perhaps  lead  to  the  notion  that  it  was  only  suitaHe  for  such 
applications,  and  was  too  delicate  for  use  as  a  steam-engine  governor ; 
but  this  extreme  test  of  application  to  a  clock  only  served  to  show 
the  complete  correctness  of  the  principle,  and  did  not  in  any  way 
prove  that  the  governor  was  unfitted  to  control  an  engine.  The  fact 
was  that  in  the  extent  of  its  applicability  the  governor  was  as 
universal  as  the  steam  hammer,  which  would  forge  a  large  mass  of 
iron  or  only  crack  a  watch-glass.  The  governor  could  accordingly 
be  used  either  as  an  absolute  measurer  of  time  for  the  most  delicate 
chronometrio  purposes,  according  to  the  more  refined  mode  of 
construction  (shown  in  Fig.  1),  with  the  revolving  cup  arranged 
to  rise  or  fall  upon  the  driving  spindle  ;  or  if  constructed  according 
to  the  simpler  plan  (shown  in  Figs.  3  to  5),  for  use  as  a  steam- 
engine  governor,  it  still  secured  practical  regularity  of  motion, 
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the  action  being  instantaneous  upon  the  slightest  alteration  of  the 
load. 

As  an  illustration  of  the  way  in  which  the  speed  of  the  governor 
was  independent  of  the  gravity  of  the  Hqnid  employed  might  be 
named  the  fact  that,  if  a  water  wheel  were  to  be  turned  by  a  stream, 
issuing  from  a  cistern  having  a  given  constant  head,  the  speed  of 
the  wheel  would  clearly  be  the  same  whether  water  or  mercury 
were  used,  although  the  power  would  be  much  less  in  the  former 
case  than  in  the  latter.  Similarly  the  speed  of  the  governor  was  not 
affected  by  the  specific  gravity  of  the  liquid  employed  in  the  revolving 
.cup,  but  its  power  might  be  augmented  without  altering  its  size  by: 
increasing  the  specific  gravity  of  the  liquid ;  and  the  difference  in  the 
specific  gravities  of  mercury,  water,  paraflB.n  oil,  and  spirits  of  wine, 
afforded  therefore  an  ample  range  for  varying  the  power  of  the 
governor  according  to  the  amount  of  resistance  which  it  had  to 
overcome  in  working  the  throttle-valve  of  the  engine.  It  had  been 
shown  in  the  paper  that  the  power  of  the  governor  now  exhibited, 
having  a  cup  of  6  inches  diameter  and  working  with  water,  would 
be  sufficient  to  move  a  resistance  of  38  lbs.  through  6  inches  m 
6  seconds,  with  an  increase  of  speed  in  the  governor  itself  of  only 
about  2  per  cent. ;  and  as  it  was  only  during  the  time  occupied  by 
the  governor  in  acting  upon  the  throttle-valve  that  any  change 
could  take  place  in  the  speed  of  the  engine,  it  followed  that  in  the 
ease  of  an  ensnne  runnine:  at  GO  revolutions  per  minute  and  resfulated 
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reqidred  by  it  wlieii  in  action  was  less  than  lialf  tliat  taken  up  by 
the  ordinary  ball  governor  when  the  arms  were  opened  out  by  its 
revolution. 

Mr.  W,  Faiebaiek  considered  the  chronometric  governor  was  an 
exceedingly  ingenious  contrivance,  and  would  be  highly  valuable 
for  all  purposes  where  great  regularity  of  motion  was  required. 
He  had  himself  employed  one  of  the  former  chronometric  governors 
with  the  conical  pendulum  on  one  of  the  engines  at  his  works  in 
Manchester  for  many  years,  and  it  was  found  to  answer  exceedingly 
well ;  ultimately  however  it  had  fallen  into  disuse,  not  from  any 
defect  in  the  principle  of  the  governor,  but  simply  from  the 
engineman  not  taking  the  requisite  care  to  keep  it  in  proper  order, 
so  that  the  friction  could  no  longerbe  relied  upon  as  definite.  There 
was  no  doubt  however  that  the  governor  might  be  considered 
fiuccessful  in  giving  a  uniform  motion  to  steam  engines,  and  also 
to  astronomical  instruments,  as  shown  by  the  fact  of  its  being 
employed  by  the  Astronomer  Eoyal  for  regulating  the  motion  of  one 
of  the  equatorial  telescopes  in  the  Greenwich  Observatory.  In  the 
small  governor  now  exhibited  at  work  upon  the  electric  clock  he 
observed  that  the  revolving  cup  was  connected  to  the  driving 
spindle  by  a  light  spiral  spring,  which  allowed  for  the  vertical 
movement  of  the  cup  in  working ;  and  he  enquired  what  took  the 
place  of  this  spring  in  the  other  form  of  the  governor  as  applied  to 
steam  engines. 

Mr.  Siemens  explained  that  in  both  the  forms  of  the  chronometric 
governor  described  in  the  paper  the  fundamental  principle  of  action 
was  the  same,  namely  that  the  resistance  ofiered  by  the  liquid  raised 
in  the  cup  was  employed  as  the  governing  power  for  efiecting  the 
control  of  the  speed  ;  but  the  difierent  mode  of  applying  this  power 
for  the  purpose  led  to  the  difierence  of  construction  in  the  two 
forms  of  the  governor.  In  the  delicate  governor  employed  upon 
the  electric  clock,  the  revolving  cup  was  driven  directly  by  the 
driving  spindle  through  the  spiral  spring,  and  the  bush  by  which 
the  cup  was  carried  upon  the  spindle  was  a  quick-threaded  screw ; 
BO  that  when  the  proper  speed  was  exceeded  the  cup  dipped  deeper 
in  the  liquid  and  took  up  a  larger  quantity,  whereby  the  resistance 
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to  the  driving  power  was  increased ;  wHle  any  slackening  of  speed 
below  the  proper  amount  caused  the  cup  to  rise  partly  out  of  the 
liquid,  and  the  resistance  was  diminished  to  a  corresponding  extent. 
In  the  steam-engine  governor  on  the  other  hand  the  revolving  cup 
was  not  driven  by  the  engine  at  aU,  but  by  the  constant  weight 
upon  the  lever  of  the  throttle- valve  spindle ;  this  weight  was 
constantly  trying  to  fall,  while  the  engine  was  constantly  trying  to 
lift  it  through  the  differential  wheels.  These  wheels  were  geared 
together  in  the  proportion  of  four  to  one,  so  that  the  governor  cup 
made  four  revolutions  for  one  of  the  engine.  The  cup  however  had 
no  vertical  motion  in  this  case,  but  the  effective  resistance  of  the 
liquid  overflowing  from  it  was  increased  by  the  set  of  fixed  vanes 
placed  round  the  circumference  of  the  external  chamber  and  the 
corresponding  set  of  blades  fixed  round  the  outside  of  the  cup.  The 
throttle-valve  weight  acted  upon  the  centre  pinion  of  the  differential 
gearing,  and  the  pinion  was  allowed  to  yield  to  the  weight,  but  only 
at  the  fixed  velocity  determined  by  the  resistance  of  the  liquid  to 
the  revolving  cup.  Hence  if  the  engine  attempted  to  go  faster  than 
the  proper  speed  allowed  by  the  governor,  it  would  wind  up  the 
weight  faster  than  the  governor  allowed  it  to  fall,  and  the  throttle- 
valve  would  instantly  be  partially  closed  by  the  weight  lever  acting 
direct  upon  it ;  while  if  the  engine  failed  to  wind  up  the  weight 
fast  enough,  the  governor  would  let  it  fall,  and  the  throttle- valve 
would  be  further  opened  ;  so  that  in  either  case  the  speed  of  the 
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the  ipregnlarities  of  the  work,  a  very  important  point  wonld  be 
accomplished;  and  from  the  particulars  which  had  been  given 
respecting  the  working  of  the  new  governor  there  appeared  to  be  no 
donbt  that  this  object  was  now  effected,  and  he  should  be  glad  to  have 
on  opportunity  of  seeing  the  governor  in  actual  work.  He  enquired 
whether  there  was  not  some  little  difficulty  in  practice  from  the 
evaporation  of  the  water  in  the  governor,  and  what  means  there  was 
of  keeping  the  supply  always  up  to  the  proper  level ;  and  also 
whether  mercury  had  been  tried  instead  of  water,  and  what 
difference  in  the  working  of  the  governor  was  found  in  that  case  as 
compared  with  the  use  of  water. 

Mr.  Siemens  replied  that  the  level  of  the  water  in  the  governor 
was  shown  by  a  glass  gauge  tube  fixed  on  the  side  of  the  chamber 
containing  the  revolving  cup,  and  alongside  the  tube  was  a  scale, 
upon  which  were  marked  the  number  of  revolutions  per  minute  of  the 
engine  corresponding  to  the  different  levels  of  the  water;  the 
addition  of  water  caused  the  speed  of  the  engine  to  be  diminished, 
and  a  reduction  of  the  quantity  allowed  of  a  higher  speed.  The 
chamber  containing  the  water  was  closed  at  the  top,  so  that 
no  evaporation  could  take  place;  and  the  only  place  where  any 
escape  of  vapour  could  possibly  occur  was  through  the  centre 
bearing  of  the  driving  spindle,  which  was  made  sufficiently  easy  for 
the  spindle  to  run  freely ;  but  as  there  was  no  circulation  of  air 
through  this  bearing,  there  would  in  practice  be  no  escape  of  vapour 
through  it.  He  had  not  tried  the  use  of  mercury  in  the  governor, 
but  the  specific  gravity  of  the  liquid  had  no  influence  on  the  speed 
of  the  revolving  cup,  although  the  power  of  the  instrument  for 
overcoming  the  resistance  of  the  throttle-valve  was  increased  by  an 
increased  density  of  the  Hquid ;  so  that  the  specific  gravity  of 
mercury  being  fourteen  times  that  of  water,  a  governor  working 
with  mercury  would  have  fourteen  times  the  power  of  one  of  the 
same  size  in  which  water  was  used. 

Mr.  FAiRBAraN  enquired  whether  the  power  of  the  governor  was 
not  affected  by  the  quantity  of  water  contained  in  the  chamber  in 
which  the  revolving  cup  worked. 

Mr.  Siemens  explained  that  the  quantity  of  water  did  not  affect 
the  power  of  the  governor  but  only  its  speed,  since  the  amount  of 
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tbe  overflow  regulated  itself  according  to  tlie  speed  at  wliicli  the  cup 
was  driven ;  and  therefore  supposing,  while  the  engine  and  governor 
were  running  at  the  proper  speed,  the  quantity  of  water  in  the 
chamber  was  suddenly  increased  by  the  addition  of  more  water,  the 
only  result  would  be  that  more  water  would  be  taken  up  by 
the  revolving  cup  and  a  larger  overflow  would  be  produced,  which 
would  instantly  increase  the  resistance  to  the  rotation  of  the  cup, 
and  cause  it  to  run  at  a  lower  speed,  thereby  reducing  at  the  same 
time  the  speed  of  the  engine  to  the  lower  rate  corresponding  with 
the  larger  quantity  of  water.  The  water  was  in  reality  a  liquid 
break,  which  absorbed  instantly  all  the  surplus  power  that  might  be 
applied  to  drive  the  governor,  and  thus  kept  the  speed  of  rotation 
of  the  governor  practically  the  same  at  all  times. 

Mr.  W.  M.  Neilson  suggested  that  a  small  pneumatic  water  feed 
might  be  attached  to  the  governor  for  preserving  a  constant  level  of 
water,  if  there  were  any  possibility  of  water  being  lost  by  evaporation 
or  leakage ;  as  it  would  be  very  inconvenient  to  find  the  speed  of 
the  engine  becoming  increased  by  a  gradual  diminution  in  the 
quantity  of  water  contained  in  the  governor. 

The  Chairman  enquired  how  long  the  governor  had  been  found 
to  continue  in  work  at  the  proper  speed  without  requiring  any 
renewal  of  the  water  supply. 

Mr.  Siemens  replied  that  the  governor  had  never  been  touched 
for  the  purpose  of  adding^  water  to  it  since  it  was  first  put  to  work 
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inteorfere  with  the  effect  of  the  weight  upon  the  throttle-valye  lever, 
by  which  the  revolving  cup  of  the  governor  was  in  effect  driven ;  and 
he  suggested  that  the  difficulty  might  be  obviated  by  substituting  a 
spring  in  place  of  the  weight. 

Mr.  Siemens  said  it  would  certainly  be  necessary  to  employ  a 
spring  instead  of  the  weight  on  the  throttle- valve  lever,  in  applying 
the  governor  to  marine  engines. 

Mr.  G.  E.  Amos  remarked  that  he  had  tried  the  previous  form 
of  the  chronometric  governor,  with  the  conical  pendulum  and  fiiction 
break,  and  could  bear  testimony  to  its  complete  efficiency  and  perfect 
accuracy  in  keeping  the  speed  of  the  engine  correctly  to  the 
propOT  rate,  so  long  as  the  friction  break  continued  in  proper  order. 
The  practical  difficulty  however  was  the  lubrication  of  the  break ; 
and  as  there  was  not  the  means  of  ensuring  its  being  kept  uniformly 
lubricated,  the  governor  ultimately  went  out  of  use.  But  in  the 
new  governor  now  described,  the  correctness  of  its  action  did  not 
depend  upon  friction,  but  upon  the  resistance  produced  by  the  liquid 
overflowing  from  the  revolving  cup ;  and  he  therefore  thought  the 
new  governor  was  not  only  a  very  good  one  in  principle,  but  would 
prove  thoroughly  successful  in  practice.  With  regard  to  the 
application  of  the  governor  to  marine  engines,  he  enquired  whether 
the  disturbance  occasioned  in  the  liquid  by  the  vertical  pitching  of 
the  vessel  would  not  materially  affect  the  proper  working  of  the 
governor. 

Mr.  Siemens  replied  that  the  oscillations  in  the  liquid  in 
consequence  of  the  pitching  of  the  vessel  would  be  by  no  means 
so  extensive  as  might  be  imagined ;  this  was  shown  already  in  the 
case  of  the  ship's  compass,  which  floated  on  water  without  exhibiting 
any  excessive  amount  of  motion,  and  the  water  was  subject  in  that 
case  to  exactly  the  same  variations  in  level  that  would  occur  in  the 
governor.  Moreover  the  bottom  of  the  chamber  containing  the 
revolving  cup  might  be  made  hemispherical,  with  the  apex  of  the 
cup  in  the  centre,  in  which  case  the  oscillations  of  the  liquid  in  the 
chamber  would  not  affect  the  depth  of  immersion  of  the  cup  at 
all.  The  principle  of  gyration  in  fact  counteracted  the  effect  of 
gravitation,  and  the  overflow  from  the  rim  of  the  cup  would  remain 
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uniform  wliether  the  axis  of  the  cup  were  vertical  or  tilted. 
A  sudden  vertical  pitching  of  the  vessel  could  only  have  the  effect 
of  very  slightly  increasing  the  force  of  gravitation  in  pitching 
upwards,  and  very  shghtly  diminishing  it  in  pitching  downwards, 
tending  in  the  former  case  to  diminish  the  overflow  from  the 
revolving  cup,  and  in  the  latter  case  to  increase  it.  But  the  mean 
result  would  be  the  same  as  if  no  pitching  took  place,  inasmuch  as 
the  governor  cup  had  a  considerable  momentum  in  revolving  ;  and 
therefore  even  if  any  such  irregularities  occurred  in  the  overflow 
they  would  perfectly  compensate  themselves,  without  affecting  the 
speed  of  the  governor. 

Mr.  E.  A.  CowPER  observed  that  an  important  feature  in  the 
new  governor  was  the  facility  that  it  offered  for  varying  the  speed 
at  which  the  engine  was  to  run,  as  it  was  only  necessary  to  alter 
the  level  of  the  water  in  the  governor  by  means  of  the  gauge  glass 
at  the  side,  in  order  to  change  the  speed  to  any  different  rate  ;  the 
addition  of  water  would  reduce  the  speed  to  a  lower  rate,  or  the 
speed  could  be  increased  by  running  off  some  of  the  water  out  of 
the  governor. 

Mr.  C.  E.  Amos  remarked  that  the  same  object  might  also  be 
accomplished  by  shifting  the  weight  upon  the  throttle- valve  lever, 
if  that  were  preferred,  without  altering  the  water  level  in  the 
governor. 

The  Chaikman  thought  the  new  goyernor  was  a  most  important 
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ON   AN    IMPEOVED    CONSTRUCTION    OF 
WROUGHT    IRON   TURNTABLE. 


By  Me.  WILLIAM  BAINES,  of  Soho. 


In  the  improved  construction  of  Wronght  Iron  Turntable,  forming 
the  subject  of  the  present  paper,  the  object  of  the  writer  has  been 
to  obtain  a  turntable  made  entirely  of  wrought  iron,  but  with 
nniform  depth  and  strength  throughout  the  top ;  and  with  all  the 
portions  combined  together  solid,  like  an  ordinary  cast  iron  top, 
thereby  preserving  the  stiffness  and  solidity  of  a  cast  iron  table 
together  with  the  toughness  and  strength  of  wrought  iron.  This 
construction  further  gives  the  advantage  of  great  saving  in  weight, 
and  facility  of  conveyance ;  as  the  top  of  the  table  takes  entirely 
to  pieces,  instead  of  being  composed  of  bulky  castings. 

The  construction  of  the  turntable  is  shown  in  Figs.  1  to  4,  Plates 
5,  6,  and  7.  Fig.  1,  Plate  5,  is  a  vertical  section  of  a  12  foot  table ; 
and  Fig.  3,  Plate  6,  is  a  plan  of  the  same  table.  Fig.  4,  Plate  7,  is 
a  plan  of  an  18  foot  table. 

The  top  of  the  turntable  is  constructed  entirely  of  wrought  iron 
girders,  formed  of  bars  rolled  to  a  special  section,  as  shown  in 
Fig.  8,  Plate  10,  drawn  half  ftdl  size,  so  as  to  fit  into  one  another 
when  placed  together  side  by  side ;  and  these  are  framed  together 
in  such  a  manner  as  to  form  a  continuous  rigid  girder  in  all 
directions,  as  shown  in  the  plans.  Figs.  3  and  4.  The  section  of  one 
of  the  combined  girders  is  shown  at  A  A  in  Fig.  1,  and  also  drawn 
half  full  size  in  Fig.  9,  Plate  10.  Only  one  form  of  section  of  iron 
is  employed,  as  shown  in  Fig.  8,  the  bar  being  rolled  with  two  ribs 
and  a  groove  or  channel  between  them,  running  along  one  edge  of 
the  plate  and  upon  both  sides,  and  a  single  rib  and  groove  of  the 
same  pitch  running  along  the  other  edge  of  the  plate  on  both  sides  ; 
so  that  by  reversing  the  bars  alternately  top  and  bottom  edge 
upwards,  as  shown  in  Fig.  9,  the  ribs  and  grooves  fit  into  one 
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another  with  complete  accuracy,  and  the  several  bars  are  thus 
checked  into  one  another  along  their  entire  length,  as  seen  in 
the  specimens  exhibited.  The  bars  are  7j  inches  depth  and  f  inch 
thickness,  weighing  12  lbs.  per  foot. 

In  this  arrangement  the  bolts  which  secure  the  bars  together 
are  all  of  them  merely  fishing  bolts,  having  simply  to  hold  the  bars 
together  laterally,  without  being  exposed  to  any  transverse  strain ; 
as  the  bars  are  held  from  sliding  upon  one  another  vertically  by  the 
ribs  and  grooves-  along  their  edges,  thereby  reheving  the  bolts  from 
all  transverse  strain.  The  bars  can  thus  be  cut  into  pieces  of  any 
length  required,  and  then  joined  together  in  any  lengths  and  at  any 
places  by  bolting  them  together;  and  they  then  form  a  single 
continuous  sohd  girder  of  uniform  depth  throughout. 

The  use  of  this  ribbed  and  grooved  section  of  bar  for  constructing 
the  girders  of  the  table  allows  of  increasing  the  strength  of  the 
girders  towards  the  centre  of  the  table  without  increasing  their 
depth,  by  the  insertion  of  an  additional  bar  in  the  length  nearest  to 
the  centre,  thus  increasing  the  thickness  of  the  girders  towards 
the  centre,  as  seen  in  the  plans.  Pigs.  3  and  4.  Thus  in  the  plan  of 
the  12  foot  table,  shown  in  Fig.  3,  the  four  main  girders  BB 
radiating  from  the  centre  pin  are  each  composed  of  three  bars 
bolted  together ;  but  beyond  the  points  where  they  cross  the  lines 
of  rails  on  the  table,  the  middle  bar  alone  is  continued  straight 
onwards  to  the  rim  of  the  table,  while  the  two  side  bars  are  turned 
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The  position  of  the  girders  forming  the  top  of  the  turntable  is 
arranged  to  coincide  with  that  of  the  rails,  which  are  carried  npon 
the  top  of  the  girders,  and  are  bolted  down  npon  them  by 
conntersnnk  bolts  passing  down  through  the  space  between  the 
bars  of  the  girders,  as  shown  by  the  dotted  lines  at  DD  in  Fig.  1. 
The  rails  are  thus  independent  of  the  structure  of  the  turntable, 
and  can  therefore  be  readily  renewed  in  the  same  manner  as 
ordinary  rails  when  worn  out,  without  requiring  any  portion  of  the 
turntable  to  be  taken  to  pieces  for  the  purposef  as  they  form  no 
part  of  the  framing  of  the  table. 

The  outer  rim  EE,  Fig.  1,  of  the  turntable  top  forms  the  upper 
roller  path,  and  is  constructed  of  bar  iron  rolled  to  the  section  shown 
hc^  frill  size  in  Fig.  10,  Plate  10,  ribbed  and  grooved  along  the 
inner  edges  to  correspond  with  the  bars  forming  the  girders.  This 
bar  is  bent  to  the  required  circle  of  the  rim,  and  the  ends  are  fished 
together  with  a  butt  joint,  with  outside  and  inside  cover  plates. 
There  is  no  turning  required  for  the  £EU3e  of  the  roller  path,  as  the 
rolled  bar  iron  is  sufficiently  true  for  the  purpose,  having  as  true  a 
surface  as  the  ordinary  railway  rails.  The  lower  roller  path  is  an 
ordinary  T  raQ  bent  to  the  proper  circle  and  laid  upon  timber 
sleepers.  The  rollers  FF  are  of  cast  iron,  and  the  live  roller  frame 
consists  of  a  ring  of  plain  bar  iron,  with  an  external  bracket  bolted 
on  at  each  of  the  rollers,  the  roller  spindles  being  connected  to  a 
ring  turning  loose  round  the  centre  pin. 

The  centre  pin  G,  Fig.  1,  and  the  foundation  plate  or  socket 
carrying  it,  are  of  cast  iron.  The  top  end  of  the  pin  is  bored  out, 
as  shown  enlarged  in  Fig.  2,  and  a  piece  of  wrought  iron  I,  faced 
with  steel,  is  let  in,  to  form  the  centre  bearing  for  the  top  of  the 
turntable.  The  surface  of  the  steel  is  spherical,  bearing  against  a 
corresponding  spherical  chilled  surface  on  the  under  side  of  the 
cast  iron  cap  H,  to  which  is  bolted  the  centre  cross  J  of  the  turn- 
table top.  The  space  left  in  the  recess  at  the  top  of  the  centre  pin 
forms  an  oil  cup,  for  lubricating  the  bearing  surfaces.  The  only 
cast  iron  employed  in  the  table  is  therefore  for  the  rollers  and  for 
the  centre  pin  and  connections.     The  centre  cross  J,  which  was 
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previously  made  of  cast  iron,  is  now  made  of  wrought  iron  in 
a  single  forging,  as  shown  in  Figs.  6  and  7,  Plate  9,  with  the 
advantage  of  greater  strength  and  lightness.  The  wrought  iron 
centre  piece  consists  of  a  strong  welded  tube,  bored  out  to  fit  the 
centre  pin  G  of  the  turntable,  and  grooved  outside  on  the  four  sides 
to  receive  the  ribs  of  the  bars  composing  the  girders,  which  are 
bolted  to  it  with  countersunk  bolts,  as  shown  in  the  drawing.  The 
four  suspending  bolta  for  the  turntable  top  lay  hold  of  a  wrought 
iron  washer  platt  K  underneath. 

The  bars  composing  the  girders  of  the  turntable  top  are  bent 
hot  by  hydraulic  pressure,  as  shown  in  the  plan.  Fig.  12,  Plate  11. 
Where  two  or  more  of  the  bars  have  to  be  bent  to  fit  one  another, 
they  are  made  to  fit  by  simply  bending  one  upon  the  other  in 
their  permanent  position,  the  bar  first  bent  forming  then  the 
block  for  bending  the  second  upon,  and  so  on,  which  ensures  each 
one  being  thoroughly  bedded  upon  the  others.  The  same  die  L 
is  made  available  for  bending  all  the  bars,  by  having  one  jaw  of 
the  die  formed  of  a  sHding  block  M,  which  is  adjusted  by  a  hand 
screw  to  suit  each  successive  increase  of  width  of  the  bend  in  the 
outer  plates,  the  die  L  itself  being  loose  from  the  ram  of  the 
hydraulic  press,  so  as  to  slide  laterally  to  the  extent  requisite  with 
each  successive  increase  of  width  in  the  jaw.  The  correct  position 
of  the  bend  is  ensured  by  the  simple  means  of  the  fixed  stud  N, 
which  enters  the  permanent  bolt  hole  previously  punched  in  each 
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There  is  a  great  saving  of  weight  in  the  present  wrought  iron 
turntable,  the  weight  of  which  is  less  than  one  half  that  of  cast  iron 
tables  of  the  same  size  : — 

the  12  foot  tnmtables  weigh  only  8^  tons  instead  of  7i  tons 
»    ^^  »>  t>  »        ^a     ft  ff         10^     ft 

»»    IS  >»  if  »        Ot     „  „  13       „ 

This  saving  of  weight  is  an  important  advantage  in  reducing  the 
labour  of  fixing  and  removal ;  and  the  tables  can  be  readily  moved 
and  loaded  or  unloaded,  without  the  tackle  requisite  for  the  heavy 
castings  of  the  ordinary  tables.  In  sending  the  tables  to  distant 
countries  not  only  is  the  total  freight  and  cost  of  conveyance 
reduced  two  thirds,  but  in  consequence  of  the  construction  of  the 
tables  admitting  of  readily  dividing  them  into  portions  all  of  small 
weight,  great  facilities  are  afforded  for  conveying  them  into  difficult 
situations. 

The  reduction  in  weight  also  renders  the  tables  easier  to  turn, 
and  thereby  diminishes  their  wear  and  tear;  the  weight  of  the 
turntable  top  in  comparison  with  a  cast  iron  top  being 
in  the  12  foot  table  If  tons  instead  of  2i  tons 
ff       15         „  2^        „  „      4i    „ 

»       18         )}  3J        „  „      7f    „ 

The  depth  of  these  turntables  is  considerably  less  than  in  most 
other  tables,  being  only  20  inches  total  depth  both  in  the  12  foot  and 
18  foot  tables,  in  consequence  of  the  compactness  of  the  construction. 
The  depth  of  the  pit  and  excavation  for  the  foundations  are 
therefore  proportionately  diminished,  which  is  an  important 
advantage  in  situations  where  drainage  is  difficult. 

This  turntable  has  a  special  advantage  in  facility  of  construction 
and  adaptation  to  different  circumstances,  as  compared  with  the  cast 
iron  tables  and  those  constructed  of  wrought  iron  and  cast  iron 
combined.  In  those  cases  patterns  are  required  for  the  castings, 
and  a  different  pattern  is  necessary  for  each  different  size  of 
turntable,  however  small  may  be  the  difference  in  diameter;  a 
different  pattern  is  also  necessary  in  each  size  of  table  for  every 
different  gauge  of  rails  and  for  every  variety  in  position  of  the  rails, 
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whether  a  single  line  of  rails,  or  double  lines  at  right  angles,  or 
with  obliqae  lines  at  45®  or  60®  inclination.  The  cost  and  time  of 
construction  is  thereby  materially  increased  in  the  oast  iron  tables, 
causing  delay  in  producing  any  tables  adapted  to  meet  special 
circumstances,  and  seriously  increasing  the  expense  where  a  few 
only  are  required  of  the  same  kind. 

In  the  wrought  iron  turntable  now  described  these  difficulties 
are  entirely  removed.  As  the  table  consists  of  merely  a  repetition 
of  the  same  pieces,  varying  only  in  length  and  angle  of  bend,  any 
desired  alteration  in  diameter  is  readily  effected,  however  fractional 
in  amount,  by  simply  altering  the  lengths  of  the  bars  accordingly, 
without  affecting  the  construction  of  the  joints.  The  table  can  also 
be  made  to  suit  any  direction  or  number  of  the  lines  of  rails,  by 
making  the  angle  of  the  bends  and  the  lengths  of  the  bars  to 
correspond ;  and  the  same  facihty  applies  also  to  the  adoption  of 
any  gauge  of  rails.  In  Fig.  5,  Plate  8,  is  shown  a  plan  of  a  four- 
line  turntable  having  four  lines  of  rails  inclined  to  one  another  at 
45^,  showing  the  mode  of  arranging  the  bars  in  the  turntable  for 
carrying  each  of  the  lines  of  rails. 

In  Fig.  3,  Plate  6,  is  shown  the  most  general  arrangement  of 
turntable  with  two  lines  of  rails  at  right  angles  for  a  main  line 
turntable ;  and  in  Fig.  4,  Plate  7,  is  the  arrangement  with  a  single 
line  of  rails  for  engine  turntables.  A  similar  construction  ia 
applicable  when  a  double  gauge  of  rails  is  required  on  each  of  the 
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requiring  it  to  be  taken  np  for  the  purpose,  and  without  delaying 
the  traffic  longer  than  is  requisite  for  drilling  the  bolt  holes  and 
bolting  the  bars  in,  which  can  be  done  at  intervals  according 
to  convenience. 

These  tables  are  now  being  manufactured  for  five  difierent 
gauges  of  railway,  and  of  all  the  difierent  sizes  in  general  use, 
without  employing  any  patterns  whatever  for  the  different  sizes  and 
forms;  all  that  is  required  being  the  templates  for  diameter  of 
circles  and  lengths  of  the  several  pieces  of  which  the  table  is 
composed. 

These  tables  have  been  at  work  more  than  three  years,  and 
exposed  to  the  severest  tests  of  working ;  but  no  failure  or  fracture 
has  occurred  in  them  or  any  sign  of  injury,  although  in  the  same 
time  with  cast  iron  tables  there  would  unavoidably  be  considerable 
^edlure  from  breakage.  One  of  the  12  foot  tables  on  this 
construction  has  been  tested  with  a  load  of  40  tons,  and  one  of  the 
18  foot  tables  with  a  load  of  50  tons,  without  the  slightest  injury 
resulting  to  the  tables. 


Mr.  Baines  exhibited  sections  of  the  bars  composing  the  girders 
of  the  turntables,  and  also  a  segment  of  one  of  the  turntables, 
showing  the  mode  of  framing  the  bars  together. 

The  Chairman  enqtiired  how  many  of  the  turntables  on  this 
construction  were  now  at  work. 

Mr.  Baines  replied  that  there  were  now  about  100  of  the 
turntables  at  work,  and  they  had  proved  so  satisfactory  that  in 
every  case  where  the  new  tables  had  been  tried,  their  use  had  been 
extended. 

The  Chairman  enquired  whether  the  same  construction  would 
answer  for  the  turntables  now  necessary  to  be  used  in  turret  ships, 
which  were  required  to  be  about  26  feet  diameter  and  to  carry  a 
weight  of  about  200  tons.  He  thought  if  the  wrought  iron  turntables 
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conld  be  adapted  for  tliat  purpose  they  would  be  very  advantageous, 
on  account  of  tbeir  lightness  in  comparison  witb  the  present  heavy 
cast  iron  tables.  The  present  tables  were  usually  made  to  turn  upon 
stationary  rollers  fixed  on  the  deck,  instead  of  live  rollers  running 
round  in  a  frame,  as  shown  in  the  drawings. 

Mr.  Baines  replied  that  one  of  the  wrought  iron  turntables  of 
12  feet  diameter,  composed  of  bars  7^  inches  deep,  would  readily 
carry  a  load  of  100  tons  without  injury  ;  and  there  would  therefore 
be  no  difficulty  in  making  tables  of  26  feet  diameter  to  carry  200  tons, 
by  using  bars  of  greater  depth  and  thickness  for  the  purpose. 
Such  tables  would  have  the  great  advantage  of  being  very  simple  to 
repair,  as  they  could  be  easily  repaired  in  a  very  short  time  if 
disabled  in  war. 

The  Chairman  enquired  whether  there  had  been  any  difficulty 
in  rolling  the  bars  of  the  particular  section  shown  in  the  drawings  ; 
and  whether  the  rolling  was  done  with  sufficient  accuracy  to  ensure 
the  bars  going  together  correctly  in  constructing  the  turntables. 

Mr.  Baines  replied  that  the  rolling  was  found  to  be  done  with 
complete  accuracy,  and  it  would  be  seen  from  the  sections  now 
exhibited  of  the  girders  that  the  bars  went  together  with  perfect 
correctness,  fitting  tight  into  one  another  when  put  together  just  as 
they  came  from  the  rolls,  as  the  ribs  and  grooves  in  the  successive 
bars  corresponded  exactly  to  one  another  and  their  surfaces  were 
3uite  smooth  and  clean. 
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was  then  seourely  fished  on  each  side  by  an  external  cover  plate. 
The  strength  in  this  construction  could  also  be  increased  to  any 
extent  by  simply  increasing  the  width  of  the  girders  by  the  addition 
of  any  number  of  bars,  and  the  greatest  strength  was  obtained  at 
the  parts  where  it  was  required,  in  the  top  and  bottom  of  the 
girders ;  moreover  the  expense  of  labour  in  making  girders  on  this 
principle  was  the  least  possible.  Another  advantage  was  that  the 
outside  bar  of  the  girders  might  be  rolled  externally  of  any  special 
section  that  might  be  desired  for  ornamental  purposes ;  just  as 
in  the  turntables  shown  in  the  drawings,  the  bar  forming  the 
circumference  of  the  tables  was  rolled  to  the  particular  section 
shown,  in  order  to  form  the  upper  roller  path :  and  two  of  these 
bars  bolted  together  back  to  back  with  an  intermediate  bar  between, 
as  shown  in  Fig.  11  and  in  the  specimen  exhibited,  formed  a 
double-edged  angle-iron  section,  which  could  also  be  used  for  the 
purpose  of  running  over  rollers.  This  ribbed  section  of  iron  was  on 
the  whole  the  simplest  and  best  section  he  had  yet  seen  for  general 
purposes  of  iron  construction,  such  as  shipbuilding,  warehouse 
girders,  and  railway  purposes ;  and  for  the  sole  plates  of  railway 
rolling  stock  it  might  also  be  advantageously  employed. 

Mr.  W.  M.  Neilson  considered  the  section  of  iron  was  certainly 
a  very  good  one  mechanically,  and  very  cleverly  designed  for  making 
the  ribs  and  grooves  fit  together  with  such  nicety  by  simply  inverting 
the  same  section  of  bar. 

The  Chairman  enquired  whether  it  was  thought  that  girders  put 
together  in  the  manner  that  had  been  described  with  butt  joints 
would  be  as  strong  at  the  joints  as  in  the  solid. 

Mr.  R.  Williams  replied  that  the  butt  joints  were  made  really 
the  strongest  parts  of  the  girders  by  the  addition  of  the  external 
cover  plates  on  each  side  of  the  joint ;  and  it  must  be  borne  in  mind 
that  these  cover  plates,  being  made  of  the  same  section  of  iron, 
were  not  like  ordinary  plain  cover  plates,  where  the  strength  of  the 
joint  depended  upon  the  security  of  the  bolts  or  rivets  by  which 
the  cover  plates  were  secured ;  but  the  ribs  and  grooves  caused  the 
cover  plates  throughout  their  entire  length  to  be  checked  into  the 
main  bars  of  the  girder,  and  thus  made  the  strength  even  greater 
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at  the  butt  joints,  wliile  tlie  bolts  simply  held  the  plates  together, 
without  being  themselves  subjected  to  any  transverse  strain.  No 
welding  was  therefore  required  in  putting  the  girders  together, 
whatever  length  might  be  required,  and  the  risk  of  failure  through 
defective  welding  was  thua  obviated. 

Mr.  E.  Jones  said  the  wrought  iron  turntable  described  in  the 
paper  was  the  best  and  strongest  turntable  for  its  weight  that  he 
had  ever  met  with ;  and  they  were  now  making  a  large  number  of 
these  tables  at  the  Old  Park  Iron  Works,  Wednesbury,  to  go  out 
to  India. 

Mr.  J.  Pettifor  enquired  what  was  the  cost  of  the  new  turntables, 
exclusive  of  the  foundation,  in  comparison  with  that  of  the  ordinary 
cast  iron  tables  of  the  same  size. 

Mr.  Baines  replied  that  the  cost  of  the  wrought  iron  turntables 
was  about  the  same,  but  the  strength  was  three  times  as  great  as 
that  of  the  ordinary  cast  iron  tables  of  the  same  size. 

Mr.  E.  A.  CowPER  thought  the  construction  of  the  wrought  iron 
turntable  was  highly  ingenious,  having  the  bars  of  the  girders  joggled 
into  one  another  continuously  throughout  their  whole  length,  so  that 
the  bolts  were  merely  fishing  bolts  with  but  little  strain  upon  them. 
This  mode  of  construction  gave  the  means  of  increasing  the  strength 
of  the  girders  at  the  parts  where  required ;  and  it  was  seen  from 
the  drawings  that  towards  the  middle  of  the  table  the  girders  were 
composed  of   three  bars  bolted  together,  while  at  the  outer  ends 
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the  load  by  two  men,  because  the  facility  of  turning  depended  of 
course  upon  the  stiffness  of  the  girders,  by  which  the  load  was 
prevented  from  coming  too  heavily  upon  the  rollers  of  the  table. 
With  regard  to  the  curving  of  the  bars  at  the  centre  of  the  table, 
the  object  of  this  had  been  to  make  the  girders  continuous  in  all 
directions  throughout  the  table,  which  was  rendered  possible  in  this 
construction  of  table  in  consequence  of  each  girder  being  composed 
of  several  separate  bars  bolted  together.  By  this  means  also  the 
girders  were  united  to  the  casting  forming  the  centre  boss.  In  one 
of  the  earliest  tables  put  to  work  the  centre  casting  had  been  a 
very  light  one  and  had  been  broken  ;  but  it  was  so  securely  held  in 
its  place  that  it  had  still  been  kept  at  work,  and  had  continued  so 
for  three  years  under  a  heavy  traffic  without  any  difference,  and  it 
had  not  been  thought  worth  while  to  replace  it  by  a  new  casting. 
As  it  was  desirable  however  to  avoid  any  risk  of  accident  by 
breakage  of  the  centre  casting,  he  had  now  adopted  a  wrought  iron 
centre  instead,  as  shown  in  the  drawings,  so  that  the  entire 
moveable  top  of  the  turntable  was  now  made  of  wrought  iron. 

Mr.  E.  A.  CowPEE  enquired  whether  it  was  intended  to  weld  the 
bars  of  the  girders  to  the  wrought  iron  centre,  so  as  to  make  a 
solid  forging  in  the  centre ;  this  would  probably  make  a  very  sound 
job. 

Mr.  Baines  explained  that  there  was  no  welding,  but  the 
wrought  iron  centre  boss  was  simply  grooved  on  the  four  sides 
to  receive  the  ribs  of  the  bars,  which  were  then  securely  bolted  to 
it  in  a  similar  manner  to  the  other  joints  of  the  table. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Baines  for  his 
paper,  which  was  passed. 


The  Meeting  then  terminated ;  and  in  the  evening  a  number 
of  the  Members  dined  together  in  celebration  of  the  Nineteenth 
Anniversary  of  the  Institution. 
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PROCEEDINGS. 


3  Mat,  1866. 


Tlie  General  Meeting  of  the  Members  was  held  in  the  Lectnre 
Theatre  of  the  Midland  Institute,  Birmingham,  on  Thursday, 
3rd  May,  1866;  Henrt  Maudslat,  Esq.,  Vice-President,  in  the 
Chair. 

The  Minntes  of  the  last  Meeting  were  read  and  confirmed. 

The  Chairman  announced  that  the  Ballot  Lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following  New 
Members  were  duly  elected : — 


MEMBE  RS  • 

William  Baines, 
Clement  Barnard, 
Eestel  E.  Beyis, 
Andrew  Betts  Brown, 
Charles  Cleworth,   . 
WiLLiiM  Daniel,    . 
Walter  Fiddes, 
Charles  Douglas  Fox, 
George  Haden  Hickman, 
Charles  Hodgson,  . 
Thomas  Holcropt, 
John  C.  A.  Houghton, 
Joseph  Foster  Llotd, 
Eichard  Norfolk,  . 
John  Hartley  Perks, 
Aleksander  Scholtze, 
Frederick  Turner, 


Soho. 

Birmingham. 

Birkenhead. 

London. 

Jumalpore,  India. 

Shrewsbury. 

Bristol. 

London. 

Tipton. 

Portarlington. 

Bilston. 

Dudley. 

Wednesbury. 

Beverley. 

Wolverhampton. 

Warsaw. 

Ipswich. 


The  following  paper  was  then  read : — 
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ON  THE  CORROSION  OF  LOCOMOTIVE  BOILERS, 
AND  THE  MEANS  OF  PREVENTION. 


By  Mr.   WILLIAM   KIRTLEY,   op   Derby. 


From  the  reports  of  accidents  with  Steam  Boilers  in  this  conntry 
during  the  last  year  1865,  it  appears  that  dnring  that  period  55 
steam  boilers  have  exploded,  causing  the  deaths  of  about  56  persons 
and  injury  to  a  much  greater  number.  Amongst  these  explosions 
there  have  been  on  the  railways  of  the  United  Kingdom  out  of  7000 
locomotives  11  boilers  exploded,  causing  loss  of  life  and  injury  in 
each  case,  and  in  addition  serious  destruction  of  property.  Each  of 
these  explosions  must  have  been  occasioned  either  by  defects  of 
construction  or  material,  or  else  by  negligent  supervision.  It  is 
intended  in  the  present  paper  to  consider  only  the  subject  of  high- 
pressure  boilers,  such  as  those  of  locomotives ;  and  as  in  the  large 
majority  of  exploded  locomotive  boilers  it  has  been  found  that  the 
explosion  has  arisen  from  the  plates  of  the  boiler  having  become 
weakened  by  corrosion  at  particular  places,  it  is  the  writer's  object 
to  describe  the  nature  and  extent  of  this  corrosion,  and  to  endeavour 
to  shoAv  the  causes  of  its  occurrence,  together  with  the  means  of 
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work.  A  similar  grooving  also  takes  place  along  the  edge  of  the 
inside  lap  at  the  longitudinal  joints,  as  at  D  and  E  in  Fig.  6,  and 
also  at  the  transverse  circular  joints,  as  at  BB  in  Figs.  4  and  5 ;  but 
in  the  latter  case  the  grooving  does  not  occur  so  frequently  nor  is 
the  extent  of  corrosion  so  great  as  at  the  smokebox  end  and  at  the 
longitudinal  joints,  as  seen  in  the  specimens  exhibited  of  corroded 
plates  from  the  different  situations. 

It  has  to  be  remarked  first  that  this  grooving  is  only  found 
below  the  water  line,  showing  that  it  must  be  dae  to  the  chemical 
action  of  the  water  on  the  plates ;  and  the  special  point  to  be 
enquired  into  is  the  cause  of  this  action  being  so  remarkably 
concentrated  at  the  particular  lines  where  the  grooving  takes  place. 
It  will  be  seen  from  the  specimens  shown,  which  are  taken  from 
locomotive  boilers  that  have  been  at  work  for  various  periods  of 
from  three  years  to  as  much  as  nineteen  years,  that  some  corrosion 
also  takes  place  ^ver  the  general  sur&^ce  of  the  plates ;  but  this  is 
very  limited  in  extent  compared  to  the  grooving  at  the  seams,  and 
it  occurs  very  irregularly,  being  apparently  influenced  by  some 
irregularities  in  the  structure  of  the  plates,  causing  them  to  be 
pitted  irregularly  by  the  corrosion. 

In  the  ordinary  construction  of  locomotive  boilers  with  lap 
joints,  as  shown  in  Figs.  7  and  8,  Plates  13  and  14,  the  barrel  of 
the  boiler  is  constructed  of  three  rings,  each  ring  formed  by  two 
plates  of  7-16ths  inch  thickness,  rivetted  with  lap  joints  FF  and  HH. 
The  general  amount  of  lap  is  2  J  inches  for  single-ri vetted  and 
3^  inches  for  double-rivetted  joints.  The  smokebox  and  firebox  are 
each  united  to  the  barrel  of  the  boiler  by  an  angle  iron  KK,  Fig.  8, 
3  inches  or  3  J  inches  wide,  welded  into  a  ring.  Geaeral  experience 
has  shown  that  after  five  or  six  years'  wear  of  these  boilers  the 
grooving  action  that  has  been  described  is  developed  at  the  joints 
and  at  the  edge  of  the  angle-iron  rings. 

Now  the  longitudinal  strain  upon  the  joints  of  boilers  constructed 
in  this  manner  tends  to  spring  and  bend  the  plates  at  the  joints, 
when  under  pressure,  into  the  form  shown  exaggerated  in  Fig.  9,  in 
consequence  of  the  plates  not  being  originally  in  the  line  of  strain, 
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as  shoYHi  by  the  dotted  line  SS  in  Fig.  8,  which  it  will  be  seen 
runs  along  the  enter  face  of  one  plate  and  the  inner  fiice  of  the 
next.  Also  in  the  longitndinal  joints  of  the  barrel,  shovni  at  FF 
in  Fig.  7,  a  similar  mechanical  action  takes  place,  the  strain  acting 
in  the  tme  circle  shown  by  the  dotted  line  SS,  springing  and 
bending  the  plates  at  the  edge  of  the  joints,  as  shown  at  GQ-,  each 
time  that  the  boiler  is  nnder  pressnre.  The  continned  alternation 
of  expansion  and  contraction  in  the  boiler  canses  the  scale  that  is 
deposited  npon  the  plates  from  the  water  to  be  continnally  broken 
off  at  the  edge  of  the  joints  by  the  mechanical  action  of  this 
springing  and  bending  of  the  plates  at  the  lines  of  the  joints ;  and 
the  plates  are  thereby  laid  bare  at  those  parts  and  kept  continnally 
exposed  to  the  corroding  action  of  the  water,  instead  of  being 
protected  from  the  action  of  the  water  by  the  deposited  scale 
remaining  attached  to  them. 

Thongh  the  corrosion  prodnced  by  the  water  is  slow  in  action 
and  bnt  slight  in  effect  on  the  rest  of  the  boiler  plates,  which  are 
protected  by  some  deposit  of  incmstation  remaining  almost  constantly 
npon  them,  it  becomes  very  serions  on  an  exposed  raw  snrface  of 
iron  ;  and  this  action  is  particularly  severe  in  the  case  of  locomotive 
boilers,  in  consequence  of  the  total  quantity  of  water  evaporated  in 
a  locomotive  boiler  being  much  greater  in  proportion  to  the  surface 
of  the  plates  than  in  stationary  boilers.    The  particulars  are  given  in 
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Particulanrs  of  Locomotwes 
from  which  Sjpecimens  of  Corroded  Flates  were  taken. 


Number 

of 
Engine. 

Tears 

of 

Working. 

Miles  run. 

Water  consumed. 
GaUons. 

99 

3 

83,349 

1,462,774 

121 

111 

334,711 

5,874,178 

123 

12 

290,380 

5,096,169 

141 

8i 

268,679 

4,715,316 

162 

8i 

255,042 

4,475,987 

187 

8i 

229,099 

8,041,374 

236* 

14 

315,227 

11,064,467 

250 

U| 

316,391 

11,105,324 

255 

14 

293,559 

10,293,920 

274 

m 

303,249 

10,644,039 

306 

Hi 

229,162 

8,043,587 

306t 

6i 

142,808 

5,012,560 

369 

lOi 

246,956 

8,668,155 

375 

3i 

67,072 

2,354,227 

388 

8i 

180,985 

6,352,573 

410 

6i 

158,801 

5,573,915 

422 

Sh 

231,035 

8,109,328 

658 

181 

249,672 

4,381,743 

*  Flanged  tube  plate.  f  After  renewal  with  thick-edge  plates. 
It  niTist  ftirther  be  noticed  that  tlie  pressure  under  which  the 
locJOmotive  boilers  are  worked  is  mnch  higher  than  in  the  case  of 
stationary  boilers,  and  the  injurious  action  caused  by  the  springing 
of  the  plates  at  the  joints  is  therefore  proportionately  increased ; 
and  taking  the  pressures  at  35  lbs.  per  inch  for  the  stationary  boiler 
and  140  lbs.  for  the  locomotive,  this  makes  the  action  four  times 
greater  in  the  locomotive  boiler  from  this  cause,  taking  the  increase 
to  be  only  at  the  same  rate  as  the  increase  in  pressure.  Hence  as 
the  action  is  six  times  greater  from  the  previous  cause,  a  total  is 
given  of  twenty-four  times  as  great  an  extent  of  injurious  action  in 
the  locomotive  boiler  as  in  the  stationary  boiler  in  the  same  length 
of  time.  As  an  illustration  of  the  effects  of  increased  pressure  in 
increasing  the  corroding  action,  it  may  be  mentioned  that  this 
grooving  of  the  plates  has  been  found  to  be  materially  increased  in 
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amount  since  tlie  working  pressure  of  locomotives  has  been  increased 
from  100  lbs.  np  to  the  present  140  lbs.  per  inch. 

In  some  of  the  older  classes  of  locomotive  engines  the  writer  has 
found  that  there  is  an  increased  local  action  of  serious  amount 
caused  in  the  boilers  by  the  rigid  points  of  attachment  to  the  boiler 
barrel,  such  as  frame  stays,  brackets,  &c.,  which  oflfer  special  points 
of  resistance  to  the  expansion  of  the  boiler  when  under  pressure. 
A  specimen  of  this  grooving,  taken  from  No.  187  engine  in  the 
preceding  Table,  is  shown  at  CC  in  Figs.  4  and  5,  Plate  12,  caused 
by  the  rigid  attachment  of  the  spectacle-bracket  M  to  the  boiler 
barrel.  The  result  is  made  worse  when  the  firebox  is  rigidly  fixed 
to  the  frames,  or  not  allowed  full  freedom  for  expansion  by  the 
provision  of  a  sliding  bracket ;  as  a  great  additional  strain  is 
thereby  thrown  on  the  tube  plate,  springing  the  angle  irons  round 
the  ends  of  the  boiler.  The  expansion  of  a  10  ft.  6  ins.  or  11  ft. 
boiler  barrel  being  about  3-16ths  inch  at  a  pressure  of  140  lbs.  per 
inch,  an  attachment  to  the  frame  at  any  other  place  besides  the  fixing 
of  the  cylinders  and  tube  plate  at  the  front  end  must  subject  the 
boiler  to  a  bending  strain  at  the  points  of  attachment,  causing  a  risk 
of  corrosion  at  these  points.  In  the  Midland  Railway  engines  all  the 
other  attachments  except  the  smokebox  angle  iron  are  now  removed, 
including  that  of  the  motion  plate  which  carries  the  inner  ends  of 
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plate  by  the  same  action.  It  must  be  borne  in  mind  that  the 
earthy  deposit  itself,  being  chemically  neutral,  cannot  have  any 
injurious  action  upon  the  plate ;  except  in  the  case  of  a  stationary 
boiler  heated  firom  an  external  flue,  where  undue  heating  and 
expansion  of  the  plate  are  caused  wherever  its  inner  surface  is 
separated  from  the  water  by  any  considerable  thickness  of  non- 
conducting deposit. 

In  the  preceding  Table  are  given  the  particulars  of  seventeen 
locomotives  on  the  Midland  Railway,  from  which  the  specimens 
now  exhibited  of  corroded  plates  were  taken ;  showing  the  length  of 
time  of  working  and  the  mileage  and  consumption  of  water  before 
the  plates  had  become  so  defective  as  to  require  removal.  The 
average  result  is  lOJ  years'  working,  255,645  miles  run,  and 
7,618,778  gallons  of  water  consumed  by  each  engine. 

In  the  case  of  the  boilers  constructed  in  the  ordinary  manner, 
as  abeady  described,  the  plates  cut  out  show  the  grooving  action  of 
the  corrosion  below  the  water  line,  while  they  are  comparatively 
clean  above.  In  No.  235  engine  the  tube  plate  was  flanged  and 
rivetted  inside  the  boiler  barrel ;  and  the  result  of  working  shows 
xthe  advantage  of  this  mode  of  construction  over  the  ordinary  angle- 
iron  joint,  since  the  plates  at  the  smokebox  end  are  not  grooved 
along  the  end  of  the  flange,  as  they  would  have  been  with  an 
external  angle  iron. 

From  the  foregoing  consideration  of  the  subject  it  therefore 
appears  that  the  special  corrosion  of  the  plates  at  the  joints  is  to  be 
attributed  to  the  combined  operation  of  chemical  and  mechanical 
causes,  the  chemical  action  of  the  water  in  the  boiler  being 
concentrated  upon  those  particular  parts  in  consequence  of  the 
mechanical  action  produced  at  those  parts  by  the  strain  upon  the 
plates.  That  the  combination  of  these  two  causes  is  requisite  for 
.  producing  this  effect  is  shovni  by  the  middle  of  the  plates  being  free 
from  it,  where  they  are  exposed  to  the  chemical  action  alone,  without 
the  mechanical  action ;  and  further  by  the  joints  in  the  upper  part 
of  the  boiler  above  the  water  line  being  also  free  from  it,  where 
exposed  to  the  mechanical  action  alone,  without  the  chemical 
action.    The  removal  of  one  of  these  causes  will  therefore  be 
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sufficient ;  and  in  the  locomotive  boilers  now  to  be  described  this 
object  has  been  aimed  at  by  removing  the  mechanical  canse  which 
produced  the  springing  of  the  plates  at  the  joints. 

From  the  particulars  already  given  of  the  corrosion  which  takes 
place  in  locomotive  boilers,  it  appears  that  the  greatest  injury  takes 
place  at  the  smokebox  end  of  the  barrel,  where  there  is  not  only  a 
great  and  sudden  change  in  the  thickness  and  rigidity  of  the  plates 
at  the  edge  of  the  angle  iron,  as  at  J  in  Fig.  8,  but  also  a  leverage 
for  the  springing  of  the  plate  from  the  outer  line  of  rivets,  as  at 
L  in  Fig.  9.  The  consequence  is  the  bending  of  the  plate  at  the 
point  J,  as  in  Fig.  9,  each  time  of  being  under  pressure  of  steam, 
owing  to  the  outer  line  of  rivets  L  being  entirely  outside  of  the 
line  of  strain  S  of  the  boiler  plates.  There  is  also  a  great  tendency 
to  injury  of  the  angle  iron,  by  this  action  tending  to  split  it  between 
the  rivet  holes  at  the  outer  line  of  rivets  L. 


The  present  plan  adopted  on  the  Midland  Bailway  is  found  to 
obviate  the  injury  previously  experienced  from  corrosion ;  and  this 
is  accomplished  by  the  use  of  plates  rolled  with  thickened  edges, 
as  shown  in  section  in  Fig.  19,  Plate  17,  and  shown  exaggerated  in 
thickness  in  Figs.  10  and  11.  The  ordinary  thickness  of  7-16ths 
inch  is  preserved  in  the  body  of  the  plate,  and  the  edges  are  thickened 
to  5-8ths  inch,  with  a  long  gradual  taper  in  the  thickness  from  I  to 
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The  practical  working  of  the  thick-edge  plates  is  shovm  by  the 
specimen  exhibited  from  No.  306  engine  in  the  preceding  Table.  The 
original  boiler  of  this  engiae,  constructed  in  the  ordinary  manner, 
wa«  removed  after  11 J  years'  working,  as  the  plates  were  much 
grooved  and  pitted ;  and  a  new  boiler  constructed  with  the  thick- 
edge  plates  was  substituted,  which  has  continued  at  work  6  j  years  to 
the  beginning  of  the  present  year.  It  was  then  found  that  the 
plates  were  free  from  grooving,  although  they  were  badly  pitted. 

A  consideration  of  the  ordinary  construction  of  locomotive 
boilers  and  their  defects  shows  that  their  construction  admits  of 
important^  improvement  in  the  barrel,  by  removing  the  injurious 
strains  resulting  from  the  employment  of  lap  joints,  which  throw 
the  plates  out  of  the  line  of  strain,  and  by  making  the  barrel  truly 
cylindrical  and  circular  throughout.  These  objects  are  eflfected  by 
welding  the  longitudinal  joints  of  the  three  rings  forming  the 
boiler  barrel,  and  making  these  rings  all  exactly  the  same  diameter, 
uniting  them  to  one  another  with  flush  butt  joints.  This  plan  is 
now  carried  out  upon  the  Midland  Railway,  as  shown  in  Figs.  16, 
17,  and  18,  and  exaggerated  in  thickness  in  Fig.  12,  Plate  15.  The 
meeting  ends  of  each  ring  are  turned  in  a  lathe,  and  united  by 
covering  strips  O  O,  formed  of  welded  flush  rings,  shrunk  on  over 
the  joints  and  double-rivetted.  Strengthening  hoops  P  P  are  also 
shrunk  on  the  centre  of  each  of  the  plates,  crossing  the  longitudinal 
welded  joints,  and  are  secured  by  a  few  rivets.  These  hoops  and 
covering  strips  for  the  joints  are  carefully  blocked  before  being 
shrunk  on,  and  the  whole  of  the  rivet  holes  are  drilled  after  the 
hoops  are  in  their  places. 

These  boilers  are  consequently  truly  cylindrical  at  all  parts,  and 
no  strain  to  which  they  are  subjected  has  any  tendency  to  change 
their  circular  form.  The  effect  of  the  longitudinal  strain  upon  the 
transverse  circular  joints,  as  in  Fig.  13,  is  found  to  be  altogether 
inappreciable  in  practice,  because  the  covering  rings  O  0  could  not 
yield  to  it  without  contracting  in  circumference  in  the  form  of  a 
double  cone.  Fig.  13;  and  on  this  account,  together  with  their 
greater  thickness,  they  offer  a  greatly  increased  resistance  as 
compared    with    simple  lap  joints.      All    possible    effect    of  the 
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longitndinal  strain  miglit  indeed  be  entirely  got  rid  of,  if  desired,  by 
the  ftirtber  addition  of  inside  covering  strips  at  the  butt  joints,  as 
shown  in  Figs.  14  and  15.  At  present  the  circnlar  plates  of  these 
welded  boilers  are  in  two  semicircular  segments  for  the  circumference 
of  the  boiler,  and  therefore  require  two  welds ;  but  the  writer 
thinks  the  barrel  of  the  boiler  would  be  improved  if  each  length 
were  made  of  one  plate  only,  whereby  only  one  longitudinal  weld 
would  be  necessary. 

A  remarkable  corroboration  of  the  correctness  of  this  mode  of 
construction  is  given  by  the  samples  exhibited  from  No.  658  engine, 
the  boiler  of  which  was  constructed  with  butt  joints  all  flush 
throughout,  the  transverse  joints  being  covered  by  external  hoops 
and  the  longitudinal  joints  by  internal  strips.  This  boiler  has  been 
at  work  nearly  19  years,  having  been  started  in  1847 ;  but  the  engine 
being  of  smaller  size  than  those  now  used  with  trains  has  only  been 
employed  as  a  spare  engine  for  some  years  past.  The  plates  of  the 
boiler,  which  are  the  original  ones  and  have  never  been  repaired  at 
any  part,  are  all  good,  and  the  grooving  has  not  taken  place  at  the 
butt  joints,  a  little  irregular  pitting  alone  being  visible  on  the 
inside  of  the  plates.  The  boiler  has  now  been  cut  up  only  on 
account  of  the  engine  being  abandoned  from  the  great  length  of 
time  it  has  been  worked.  The  remarkable  contrast  shown  by  the 
freedom   of  the  butt  joints  in  this  boiler  from  the  grooving   so 
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The  Flanging  Machine  is  shown  in  Figs.  20  to  22,  Plates  18 
and  19.  It  consists  of  a  horizontal  table  A,  on  which  the 
thick-edge  plate,  shown  black,  having  been  previonsly  heated,  is 
laid  and  secured  by  clamps,  being  pushed  forwards  against  the 
adjustable  stop  B,  Figs.  20  and  21,  so  that  the  thick  edge  projects 
beyond  the  edge  of  the  table  to  the  required  extent  for  forming  the 
flange.  The  roller  C  is  then  brought  down  with  a  slow  motion 
by  the  eccentrics  D,  as  shown  in  Fig.  21,  being  firmly  held 
by  guides  E  at  each  end  in  the  frame  of  the  machine ;  and  the 
edge  of  the  plate  is  thus  gradually  bent  down  to  form  the  flange. 
The  table  A  is  made  to  slide  upon  the  bed  F  of  the  machine,  and  is 
set  up  by  adjusting  screws  G  to  the  required  amount  of  clearance 
from  the  bending  roller  C,  according  to  the  thickness  of  the  plate  to 
be  flanged.  The  front  edge  of  the  table  is  faced  with  a  separate 
wrought  iron  or  cast  iron  edge-piece  I,  which  can  be  removed  and 
changed  for  another  having  a  different  curve  for  the  edge,  according 
to  the  curve  that  is  desired  in  the  neck  of  the  •  flange.  The 
holding-down  bar  H  is  screwed  down  tight  upon  the  plate, 
immediately  behind  the  edge  of  the  table,  so  as  to  hold  the  plate 
down  flat  on  the  table  while  the  flange  is  being  bent  by  the  roller. 
The  working  speed  of  this  machine  is  7  double  strokes  per  minute. 

The  Bending  Machine,  for  bending  the  thick-edge  plates  into 
the  semicircle  to  form  the  boiler  barrel,  is  shown  in  Figs.  23  and  24; 
Plates  20  and  21.  It  consists  of  three  horizontal  rollers,  of  which  the 
two  lower  ones  AA  are  carried  in  fixed  bearings  at  each  end  in  the 
frame  of  the  machine ;  while  the  third  roller  B  slides  vertically  in 
the  frame,  and  is  lowered  by  the  screws  CC  at  each  time  of  passing 
the  plate  through  the  rolls,  to  give  the  required  degree  of  curvature 
to  the  plate.  The  screws  CC  were  at  first  worked  by  hand,  but  are 
now  driven  by  gearing  from  the  main  shaft.  As  the  thickness  of 
the  body  of  the  plate  is  only  7-16ths  inch,  while  the  thickness  of  the 
edges  is  5-8ths  inch,  a  liner  plate  3-16ths  inch  thick  is  laid  over 
the  body  of  the  boiler  plate  in  the  bending  process,  in  order  to  make 
up  the  same  thickness  of  5-8ths  inch  throughout  for  passing  through 
the  rolls ;  and  the  liner  plate  is  afterwards  flattened  again  ready  for 
subsequent  use.     At  one  end  of  each  of  the  lower  rollers  AA  is  a 
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groove  D  to  receive  the  flange  of  the  plate ;  this  groove  is  shovni 
enlarged  in  Fig.  26,  and  is  formed  by  a  glut-piece  or  ring  E,  screwed 
upon  the  roller  spindle  F  and  tightened  by  a  set  screw  Q-,  by  means 
of  which  the  width  of  the  groove  can  be  increased  or  diminished 
according  to  the  thickness  of  the  flange  of  the  plate.  A  corresponding 
groove  is  provided  at  the  opposite  end  of  the  upper  roller  B,  to 
allow  of  bending  plates  with  the  flange  inside  instead  of  outside.  In 
order  to  obtain  a  sufficient  hold  upon  the  plate  to  pass  it  through 
the  rolls,  the  surfaces  of  all  the  rollers  are  fluted  longitudinally  with 
shallow  flutes  at  1 J  inch  pitch,  as  shown  in  Fig.  26,  and  enlarged  to 
half  fall  size  in  the  section,  Fig.  25.  The  lower  rollers  only  are 
driven  by  gearing,  the  upper  roller  being  merely  a  pressing  roller 
for  giving  the  required  curvature  to  the  plates,  and  weighing  about 
25  cwts.  The  working  speed  of  the  rollers  is  3  revolutions  per 
minute,  or  about  12  feet  per  minute  speed  of  surface. 

The  two  semicircular  plates  are  then  welded  together  into  a 
single  ring  to  form  one  length  of  the  boiler  barrel.  The  edges  to 
be  welded  are  first  heated  in  the  fire  at  A,  Fig.  29,  and  upset 
sufficiently  to  give  the  required  thickness  of  metal  for  forming  the 
scarf  weld.  A  welding  heat  is  then  taken  on  a  short  length  of  the 
joint  of  the  plates,  and  the  plates  B  are  welded  together  along  the 
joint  upon  the  Welding  Anvil,  shown  in  Figs.  28  and  29,  Plate  22. 
The  anvil  face  C  is  shaped  to  the  internal  diameter  of  the  boiler 
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circumference.  The  ring  B  to  be  heated  is  pnt  in  from  the  top, 
and  placed  on  end,  with  the  heat  from  the  fire  passing  up  through 
the  inside  of  the  ring  and  then  down  all  round  the  outside  to  the 
flues,  so  as  to  give  a  uniform  heat  to  the  ring. 

The  ring  is  then  put  on  the  Blocking  Press,  shown  in  Figs.  32 
and  33,  Plate  24 ;  which  is  an  ordinary  hydraulic  wheel-tyre 
blocking  press,  worked  by  a  centre  cone  D  forcing  out  the 
blocking  segments  EE.  These  blocking  segments  are  carried  up 
for  the  purpose  and  strengthened  by  brackets,  as  shown  in  the 
drawing.  One  half  of  the  height  of  the  ring  B  is  blocked  at  once  ; 
and  the  ring  is  then  turned  over  for  blocking  the  other  half. 

The  welded  joints  of  these  boilers  have  been  tested  by  a  series  of 
experiments  upon  the  tensile  strength  of  strips  of  plate  cut  out  across 
the  weld,  which  were  taken  from  several  boilers  from  the  opening  cut 
out  for  the  steam  dome  R,  Fig.  16.  Three  sets  of  strips  were  tested, 
of  1,  If,  and  1^  inch  width  respectively,  and  each  7^  inches  length, 
cut  out  of  the  plate  transversely  to  the  weld,  which  was  in  the 
middle  of  each  piece.  The  following  was  found  to  be  the  average 
breaking  strength  per  square  inch  of  these  strips : — 

Experiments  to  test  strength  of  Welded  Joints,  


Width 

of 
Strips. 

No.  of 
Strips 
tested. 

Broke 

in 
Weld. 

Broke 

in 
Solid. 

Breaking  Strength  per  square  inch. 

Least. 

Greatest. 

Average. 

Inch. 
1 

15 

4 
4 

8 
2 
1 

7 
2 
3 

Tons. 
16-6 

19-6 

18-1 

Tons. 
23-8 

22-2 

23-6 

Tons. 
20-2 

210 

21-7 

Total         23 

11 

12 

16-5 

23-8 

206 

Also    ■      11   Strips  of  the  same ) 
plates  unwelded) 

20-7 

25-8 

236 

From  these  results  it  appears  that  more  than  half  of  the  strips  broke 
in  the  solid  and  not  at  the  weld,  and  the  average  breaking  strength 
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of  the  23  welded  plates  was  within  l-8th  of  the  foil  strength  of  the 
11  unwelded  plates  ;  while  the  worst  pieces,  including  some  cases 
of  as  extremely  defective  weld  as  are  at  all  likely  to  occur  in 
practice,  had  more  than  two  thirds  of  the  full  strength  of  the 
unwelded  plates. 

In  reference  to  the  cost  of  construction  of  the  welded  boilers  in 
comparison  with  the  ordinary  class  of  lap-jointed  single-rivetted 
boilers  with  angle-iron  ends,  ifc  has  to  be  noted  that  there  is  an 
increase  of  weight  of  IJ  ton  in  the  new  boilers,  the  weight  of  the 
11  ft.  boilers,  3  ft.  11  ins.  diameter,  being  7f  tons  as  compared  with 
6i  tons  in  the  old  class  of  boilers  of  the  same  dimensions.  This 
increase  arises  from  the  thick-edge  plates,  and  from  the  hoops  and 
joint  strips,  which  weigh  about  2J  cwts.  each;  and  the  joints, 
instead  of  being  single-rivefcted,  are  double-rivetted  on  each  side 
of  the  joint,  making  four  rows  of  rivets. 

The  total  cost  for  labour  and  material  is  £465  in  the  new  boiler, 
as  compared  with  £415  in  the  old  class,  being  an  increase  of  £50  in 
each  new  boiler.  The  labour  alone  in  the  new  boiler  is  £65  as 
compared  with  £55  in  the  old  class,  being  £10  increase  in  the  new 
boiler.  In  these  costs  however  the  whole  labour  is  taken  as  hand 
work  in  both  cases  ;  but  from  the  present  experience  it  appears 
that  the  item  of  labour  in  flanging  and  bending  is  now  reduced 
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As  yet  however  they  show  no  signs  of  grooving  even  at  the  flanged 
ends,  where  the  greatest  corrosion  took  place  in  the  old  construction 
with  the  angle-iron  joints.  Two  of  these  hoilers  have  been  examined 
twice,  and  were  also  found  to  be  in  good  condition  at  the  second 
examination. 


Mr.  W.  Kjrtlet  exhibited  a  large  number  of  specimens  of  corroded 
plates  from  locomotive  boilers  of  the  ordinary  construction,  together 
with  specimens  of  the  thick-edge  plates,  flanged  and  bent;  and 
also  the  strips  of  welded  plate  that  had  been  broken  in  testing  the 
strength  of  the  welded  joints. 

Mr.  W.  Natlor  thought  the  importance  of  the  subject  brought 
forwards  in  the  paper  just  read  was  sufficiently  established  by  the 
fact  which  had  been  mentioned  of  there  having  been  as  many  as 
eleven  explosions  of  locomotive*  boilers  during  the  last  year,  due 
mainly  to  the  effects  of  corrosion.  The  increase  of  pressure  that 
had  taken  place  in  locomotive  boilers  during  the  last  thirty-five 
years,  from  50  lbs.  to  as  much  as  160  lbs.  per  square  inch,  had  no 
doubt  much  to  do  with  the  repeated  explosions  that  still  occurred ; 
and  though  he  believed  the  high  pressure  of  160  lbs.  had  been 
adopted  for  the  sake  of  economy  in  the  application  of  the  steam,  he 
doubted  whether  economy  was  really  gained  by  it  in  practice, 
taking  into  consideration  the  greater  wear  and  tear  of  the  boiler 
and  gearing ;  but  even  if  that  were  the  case  he  thought  that  safety 
should  be  the  first  consideration,  and  economy  might  then  follow. 
At  present  it  was  clear  from  so  large  a  number  of  explosions  having 
occurred  during  the  past  year  that  safety  was  giving  way  to 
economy ;  and  he  strongly  recommended  that  the  working  pressure 
should  be  reduced  from  160  lbs.  to  not  more  than  120  lbs.  per  square 
inch. 
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The  construction  of  boiler  described  in  tbe  paper  appeared  to 
him  certainly  a  step  in  the  right  direction,  by  getting  rid  of  the 
strains  which  caused  the  -corrosion  to  produce  such  serious  effects 
in  ordinary  locomotive  boilers.  The  defects  of  the  present 
construction  of  locomotive  boilers  with  rivetted  lap  joints,  and 
the  danger  of  employing  a  high  pressure  of  steam  with  such  a 
construction,  were  rendered,  apparent  even  in  the  testing  of  the 
boilers  by  hydraulic  pressure,  before  they  were  put  to  work.  For 
in  testing  boilers  of  50  inches  diameter  in  the  barrel  and  60  inches 
across  the  firebox,  with  water  pressure  up  to  200  lbs.  per  square 
inch,  the  joints  were  found  to  appear  sound  up  to  about  150  or 
160  lbs.,  but  when  the  pressure  was  increased  to  200  lbs.  there 
were  numerous  leakages  at  the  joints,  showing  that  joints  so  made 
were  not  sound  under  so  high  a  pressure.  Taking  the  direct 
tensile  strain  upon  the  iron,  if  the  plates  were  |  inch  thick  the 
tensile  strain  with  a  diameter  of  60  inches  and  the  pressure  of 
200  lbs.  per  square  inch  amounted  to  12,000  lbs.  or  nearly  6|  tons 
per  square  inch  on  the  section  of  the  iron ;  and  therefore  at  the 
longitudinal  lap  joints  there  was  a  force  of  5|  tons  per  square  inch 
acting  at  a  leverage  of  |  inch  to  spring  the  joint  open  and  bend  the 
plates,  while  at  lower  pressures  the  strain  upon  the  joints  was 
proportionately  less.  Hence  taking  into  accoxmt  the  continual 
variations  of  pressure  to  which  locomotive  boilers  were  subjected 
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joints.  The  longitudinal  tensile  strain  npon  the  plates  forming  the 
barrel  of  the  boiler  was  not  nearly  so  great  as  the  lateral  strain,  fcfi^ 
the  area  of  the  ends  was  much  smaller  in  proportion  to  the 
circnmference  by  which  the  strain  was  borne;  bnt  with  the 
leverage  afforded  by  the  lap  joints,  this  amount  of  strain  was  still 
sufficient  to  produce  the  serious  grooving  that  was  found  at  the 
transverse  circular  joints  of  the  boiler  barrel,  and  at  the  angle-iron 
joints  at  the  smokebox  and  firebox  ends. 

The  ri vetting  of  the  joints  in  boilers  was  also  a  source  of 
weakness  in  the  construction.  For  with  the  ordinary  f  inch  rivets 
placed  at  2  inches  apart  centre  to  centre  there  was  only  56  per 
cent,  of  the  metal  left  at  the  rivetted  joints  as  compared  with  the 
body  of  the  plates.  At  the  same  time  the  plates  were  to  a  certain 
extent  deteriorated  by  the  strain  put  upon  the  iron  in  punching  the 
rivet  holes;  and  he  had  found  by  experiment  that  the  strength 
was  as  much  as  10  per  cent,  less  after  punching  the  holes,  as 
compared  with  drilling  them,  when  there  would  be  no  strain  put 
upon  the  fibre  of  the  iron  in  making  the  rivet  holes.  Altogether 
therefore  the  strength  at  the  rivetted  joints  could  not  be  taken  as 
more  than  about  50  per  cent,  of  that  of  the  solid  plates,  and  hence 
it  was  highly  important  that  some  other  mode  of  uniting  the  plates 
should  be  adopted  ;  and  he  thought  the  welding  of  the  longitudinal 
joints,  as  described  in  the  paper,  was  decidedly  a  good  plan,  and 
the  specimens  exhibited  of  the  welded  plates  that  had  been  tested 
showed  that  the  welding  had  been  very  satisfactorily  accomplished. 
Although  this  was  the  best  mode  of  construction  that  had  yet  been 
adopted,  it  still  involved  the  risk  of  the  weld  being  unsound,  to 
which  all  welding  was  exposed ;  and  he  believed  there  would  be  a 
still  ftirther  improvement  effected  before  long,  by  having  the  several 
lengths  of  the  boiler  barrel  rolled  each  complete  in  a  solid  hoop, 
without  any  longitudinal  joint,  in  the  same  way  that  tyres  were 
already  rolled  out  of  a  solid  piece  of  metal  without  any  weld. 

He  agreed  with  the  statement  made  in  the  paper  as  to  the 
corrosion  being  much  more  serious  below  the  water  line  than 
above ;  but  there  were  also  certain  places  above  the  water  line  in 
locomotive  boilers,  where  he  had  observed  the  effects  of  corrosion 
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to  be  particularly  marked,  and  these  were  along  the  top  comer  of 
the  back  plate  of  the  firebox  shell,  and  at  the  angle-iron  joint  round 
the  base  of  the  steam  dome.  In  both  of  these  places  he  had  found 
a  considerable  grooving  in  several  boilers  that  he  had  examined ; 
and  it  would  be  remembered  that  in  the  case  of  a  recent  explosion  of 
a  locomotive  boiler  on  the  Metropolitan  Railway  it  had  been  found 
that  the  steam  dome  had  been  blown  off,  which  no  doubt  was  due  to 
corrosion  having  taken  place  round  the  base  of  the  dome,  the 
mechanical  action  of  the  bending  of  the  plates  under  pressure  being 
concentrated  at  that  part  in  consequence  of  the  hole  cut  out  for  the 
steam  dome. 

Mr.  P.  W.  Webb  remarked  that,  in  reference  to  the  working 
pressure  employed  in  locomotive  boilers,  the  pressure  in  the 
locomotives  on  the  London  and  North  Western  Railway  was 
limited  to  120  lbs.  per  square  inch,  and  that  had  been  the  limit 
for  many  years  past.  The  plan  that  had  been  long  adopted  on  the 
same  line  for  partially  obviating  the  defects  of  the  ordinary  lap 
joints  had  b^en  the  telescopic  form  of  boiler,  in  which  the 
circumference  of  the  successive  plates  was  smaller  towards  the 
smokebox  end  of  the  barrel,  each  successive  plate  being  put  inside 
the  preceding  one,  so  that  the  strain  was  more  nearly  in  the  line  of 
the  plates,  though  not  entirely  so ;  and  by  this  means  the  bending 
action  upon  the  transverse  circular  lap  joints  was  considerably 
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SO  mncli  to  corrosion,  he  thought,  as  to  the  severe  bending  strain 
,  thrown  npon  that  part,  whenever  the  firebox  end  of  the  boiler  was 
not  left  perfectly  free  between  the  frames  so  as  to  allow  for  • 
expansion  and  contraction.  In  the  case  of  six  engines  that  had 
been  handed  over  to  the  London  and  North  Western  Railway  from 
another  Hne,  the  plates  were  observed  to  appear  much  corroded  at 
this  point,  and  became  worn  through  after  three  years*  longer 
working,  and  the  wear  could  not  be  explained  at  the  time  ;  but  in 
repairing  the  engines,  the  firebox  end,  which  had  previously  been 
ri^dly  attached  to  the  frames,  was  left  free  to  slide,  and  after  that 
there  was  no  ftirther  difficulty  from  corrosion  at  this  part  of  the 
boiler. 

The  Chairman  enquired  whether  any  trial  had  been  made  to 
ascertain  what  would  be  the  extent  of  corrosion  in  a  boiler  that  was 
not  at  work,  leaving  the  boiler  fall  of  water  for  a  length  of  time  and 
using  it  in  fact  merely  as  a  tank,  and  whether  'the  corrosion  wo  aid 
then  occur  at  the  same  places  where  it  was  now  found  in  the  boilers 
at  wol'k. 

Mr.  F.  W.  Webb  did  not  know  of  any  experiment  of  that  sort 
having  ever  been  tried ;  but  it  was  not  likely  that  any  grooving  at 
the  joints  would  take  place  when  the  boiler  was  not  subjected  to  the 
mechanical  action  from  the  alternation  of  the  pressure.  In  the 
locomotive  boilers  on  the  London  and  North  Western  Railway  the 
present  practice  was  to  form  each  length  of  the  barrel  out  of  a 
single  plate  bent  round  into  a  complete  circle,  so  as  to  have  only  a 
single  longitudinal  joint  instead  of  two ;  and  this  joint  was  then 
turned  to  the  upper  side  of  the  barrel,  so  as  to  be  in  the  steam  space 
above  the  water  line,  whereby  they  had  now  almost  entirely  got  rid 
of  the  difficulty  of  corrosion  along  the  longitudinal  joint. 

The  corrosion  over  the  general  surface  of  the  plates  depended 
a  good  deal,  he  believed,  upon  whether  the  boiler  was  fitted  with 
iron  tubes  or  brass  tubes,  particularly  where  the  water  employed  in 
the  boiler  had  any  acid  properties.  For  in  the  case  of  locomotives 
running  upon  some  parts  of  the  Yorkshire  section  of  the  London 
and  North  Western  Railway  where  the  water  was  of  a  very  acid 
quality,  he  noticed  that  in  boilers  having  iron  tubes  it  was  found 
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the  general  surface  of  the  plates  was  not  injured,  on  examining 
them  when  the  tubes  were  taken  out  after  five  or  six  years*  work ; 
but  the  corresponding  boilers  working  under  the  same  circumstances 
with  brass  tubes  were  found  to  have  the  plates  very  badly  pitted 
all  over,  which  was  no  doubt  owing  to  some  galvanic  action 
between  the  brass  and  iron. 

The  injurious  effects  of  straining  in  locomotive  boilers  by  alternate 
expansion  and  contraction  were  plainly  shown  in  connection  with 
the  use  of  the  injector  for  supplying  the  feed  water  to  the  boilers. 
The  injector  being  originally  placed  at  the  side  of  the  firebox, 
delivering  the  feed  water  in  at  that  part,  it  was  found  that  the 
constant  straining  of  the  outside  firebox  plate,  from  the  continued 
changes  of  temperature  owing  to  the  intermittent  stream  of  feed 
water  supplied  by  the  injector,  caused  the  plate  in  a  short  time  to 
become  nearly  cut  through  at  the  bottom  close  to  the  foundation 
ring  of  the  firebox.  This  was  partly  due  however  to  want  of 
proper  management  on  the  part  of  the  enginedriver  in  regulating 
the  feed  according  to  the  rate  of  evaporation  in  the  boiler,  so  that 
he  was  contiuually  turning  the  injector  on  and  off ;  but  with  proper 
care  the  injector  could  be  so  regulated  as  to  deliver  a  constant 
stream  of  feed  water  into  the  boiler,  in  which  case  the  firebox  plate 
was  kept  at  a  more  uniform  temperature,  and  did  not  become 
injured  by  straining. 
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In  the  testing  of  the  strips  of  welded  plate  that  were  exhibited, 
the  average  breaking  strain  struck  him  as  being  much  lower  than 
might  have  been  expected,  considering  that  the  thickness  of  metal 
at  the  weld  was  greater  than  in  the  body  of  the  plate ;  and  he  had 
been  surprised  to  find  that  so  many  of  the  strips  gave  way  at  the 
weld.  He  thought  however  that  this  might  perhaps  be  attributed 
to  the  manner  in  which  the  strips  were  obtained  for  testing,  being 
taken  from  the  piece  of  plate  cut  out  of  the  boiler  across  the  weld 
to  form  the  hole  for  the  steam  dome ;  and  this  piece  of  plate  being 
bent  to  the  circle  of  the  boiler,  it  was  possible  that  sufl&cient  care 
might  not  have  been  exercised  in  flattening  the  strips  before  testing 
them,  and  the  strength  of  the  iron  might  have  been  injured  in  the 
straightening.  He  suggested  that  it  would  be  well  to  try  testing 
the  strips  in  their  original  curved  form,  without  flattening  them ; 
and  he  thought  it  would  also  be  desirable  to  take  strips  of  a  greater 
width  than  only  1  inch,  when  a  more  satisfactory  result  would 
probably  be  arrived  at. 

Having  seen  the  welded  boilers  described  in  the  paper  in  all  the 
stages  of  their  manufacture,  and  having  also  seen  them  tested  to  a 
pressure  as  high  as  200  lbs.  per  square  inch,  he  had  great  pleasure 
in  bearing  testimony  to  the  very  capital  job  that  was  made  by  this 
mode  of  construction,  and  there  was  no  mistake  that  they  were 
first-rate  boilers  both  in  workmanship  and  strength;  they  were 
indeed  the  strongest  locomotive  boilers  running  at  the  present  time. 
With  regard  to  the  proposed  plan  of  making  the  rings  of  the  boiler 
barrel  each  in  a  solid  hoop  without  welding,  he  understood  that  some 
experiments  had  been  already  made  for  accomplishing  this  object ; 
and  he  should  be  glad  to  know  whether  it  was  intended  to  roll  the 
hoop  in  the  same  way  that  weldless  tyres  were  rolled,  or  to  draw  it 
like  a  tube.  There  was  not  much  probability  he  thought  of  the 
working  pressure  being  reduced  in  locomotive  boilers  ;  for  the  great 
aim  now  upon  the  railways  was  to  obtain  increased  engine  power  for 
drawing  the  increased  weight  of  the  trains  and  for  attaining  a 
higher  speed.  For  these  purposes  increased  pressure  of  steam  was 
required  and  stronger  boilers,  and  the  boiler  described  in  the  paper 
was  an  important  step  in  that  direction. 
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Mr.  W.  Naylob  observed  that  an  important  fact  bearing  upon 
tbe  strength  of  locomotive  boilers  when  under  pressure  of  steam  was 
that  the  tensile  strength  of  the  plates  was  greater  at  the  temperature 
of  the  high  pressure  steam  than  when  cold.  Having  had  frequent 
occasion  to  test  the  strength  of  wrought  iron  plates  and  bars  for  the 
Great  Indian  Peninsula  Railway,  he  had  found  that  it  was  usual 
to  wait  till  the  iron  was  cold,  under  the  impression  that  the  test 
would  otherwise  not  be  a  fair  one  ;  and  he  had"  accordingly  tried  an 
experiment  with  a  piece  of  best  Yorkshire  bar  iron  in  order  to  ascertain 
the  difference  of  strength  when  the  iron  was  exposed  to  about  the 
heat  of  a  locomotive  boiler.  The  bar  was  2  inches  by  1  inch,  or 
2  square  inches  section,  and  was  cut  into  three  lengths ;  and  the 
two  end  pieces  being  tested  cold  broke  at  51  tons  tensile  strain  or 
2h\  tons  per  square  inch.  The  centre  piece  was  then  heated 
red-hot,  and  was  allowed  to  cool  gradually  xmtil  an  alloy  of  lead  and 
tin  would  only  just  melt  upon  it,  showing  that  the  temperature  was 
about  350®  Fahr.  or  about  the  temperature  of  120  lbs.  steam.  At 
this  temperature  the  bar  required  61  tons  or  30|  tons  per  square 
inch  to  break  it,  showing  a  tensile  strength  20  per  cent,  greater 
than  when  cold.  It  was  also  found  that  the  heated  bar  did  not 
stretch  more  than  half  as  much  as  the  cold  bars  before  breaking. 

Mr.  W.  S.  LoNGBiDGB  remarked  that,  in  respect  to  the  proposed 
plan  which  had  been  referred  to  of  making  the  boiler  barrel  solid 
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coilipletely  worked  ont,  the  intention  was  to  build  up  a  cylindrical 
coil,  welded  in  the  same  way  that  gnns  were  now  constructed, 
&om  a  double  coil  made  of  bars  about  2|  inches  square,  having  a 
6  inch  hole  through  the  centre  of  the  coil :  this  coil,  after  being 
forged  and  expanded  in  the  usual  way  to  15  or  16  inches  diameter 
of  hole,  to  be  bored  and  turned.  The  object  of  boring  and  turning 
was  not  only  to  ensure  the  soundness  of  the  iron  in  the  previous 
stages  of  manufacture,  before  the  bloom  was  submitted  to  the  final 
process  of  rolling,  but  also  to  allow  of  greater  accuracy  being 
obtained  in  completing  the  finished  ring.  This  bloom  of  16  inches 
inside  diameter  having  then  been  subjected  to  a  welding  heat  in 
the  furnace  would  be  taken  to  the  rolling  machine,  and  rolled  out 
to  4  feet  diameter.  This  process  might  be  accomplished  after  a 
little  experience  as  easily  he  thought  for  a  boiler  barrel  as  for  a 
tyre ;  and  though  at  first  it  was  not  intended  to  attempt  rolHng 
the  hoops  of  a  greater  length  than  3^  feet,  he  considered  that  when 
this  was  successfully  effected  it  would  only  be  a  question  of  strength 
and  size  of  machinery  to  roll  an  entire  boiler  barrel  of  10  feet  length. 
The  experiments  he  was  making  were  with  iron ;  but  had  it  not 
been  for  the  prejudice  at  present  met  with  against  the  use  of 
Bessemer  metal  or  other  homogeneous  metal  for  boilers,  he  would 
at  once  have  adopted  these  for  carrying  out  this  system  of  boiler 
making,  being  satisfied  that  they  would  ultimately  supersede  iron 
for  the  purpose. 

One  point  which  had  not  been  touched  upon  in  the  very 
interesting  paper  that  had  been  read  was  the  question  of  single- 
rivetted  or  double-rivetted  joints  ;  and  as  he  observed  that  in  all  the 
specimens  of  corroded  plates  which  were  exhibited  the  lap  joints 
were  single-rivetted,  while  the  improved  boilers  with  butt  joints  had 
the  outside  covering  hoops  double-rivetted,  he  enquired  whether  it 
was  considered  that  the  single-rivetting  employed  with  the  ordinary 
lap  joints  had  anything  to  do  with  the  grooving  of  the  plates  at  the 
joints,  and  whether  it  was  on  that  account  that  double-rivetting  had 
been  adopted  in  connection  with  the  butt  joints  in  the  improved 
boilers. 
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Mr.  W.  KiRTLET  replied  that  the  donble-rivetting  of  the  bntt  joints 
in  the  improved  welded  boilers  had  been  adopted  only  for  the  purpose 
of  ensuring  greater  strength  at  the  joints  ;  and  he  did  not  think 
that  the  use  of  double-rivetting  instead  of  single-rivetting  would 
make  any  sensible  difference  in  the  extent  of  the  grooving  by  the 
corrosion  in  the  case  of  the  ordinary  lap-jointed  boilers,  as  the 
injurious  springing  of  the  plate  under  pressure  would  be  little 
affected. 

With  regard  to  the  strips  of  welded  plate  that  had  been  tested 
for  trying  the  strength  of  the  welded  joints,  the  straightening  of 
these  before  they  were  tested  had  been  done  with  special  care,  in 
order  that  the  strength  might  not  be  injured ;  and  he  thought  the 
results  might  be  taken  as  fairly  representing  the  strength  of  the 
welds. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Kirtley  for  his 
paper  and  the  valuable  specimens  exhibited,  which  was  passed. 


The  following  paper,  communicated  through  Mr.  Walter  May, 
was  then  read : — 
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ON  AN   IMPROVED  CONSTRUCTION  OP 
LOCK  AND  KEY. 


Bt  Mr.  J.  BEVERLEY  FENBY,  op  Birmingham. 


Altliongli  the  varieties  of  Locks  have  been  exceedingly  numerous, 
yet  so  seldom  has  any  new  principle  of  security  been  introduced, 
that  if  locks  are  divided  into  two  main  classes — firstly  those  with 
fixed  guards,  and  secondly  those  with  moveable  guards — a  brief 
examination  of  the  principles  of  construction  involved  in  a  few  locks 
of  each  class  will  be  sufficient  for  the  purpose  of  the  present  paper. 

The  simple  ftxed-guard  or  warded  lock  is  so  utterly  worthless  for 
security,  no  matter  what  amount  of  good  workmanship  be  bestowed 
upon  it,  that  it  demands  bat  short  notice.  It  was  contrived  with 
the  intention  of  making  the  passage  to  the  bolt  intricate ;  but  it 
will  be  seen  at  once  that  this  intricacy  does  not  really  offer  any 
security.  The  wards  of  a  lock  are  circular  arcs  of  thin  metal,  so 
arranged  as  to  require  a  key  of  peculiar  pattern  to  pass  amongst 
them,  the  shape  of  the  cuts  in  the  key  being  a  section  of  the  wards. 
To  make  a  really  complicated  box  of  wards,  and  to  cut  keys  which 
shall  accurately  fit  their  sweep,  is  a  matter  requiring  considerable 
manual  dexterity ;  and  some  warded  locks  are  therefore  expensive. 
But  even  with  the  best  of  them  all  that  it  is  necessary  to  do  for 
opening  the  lock  is  to  take  a  blank  key  which  will  properly  fit  the 
keyhole,  coat  it  with  wax,  and  then  inserting  it  in  the  lock  press 
it  round  against  the  wards,  which  will  cause  them  to  leave  an 
accurate  impression  of  their  section  on  the  key.  The  parts  impressed 
are  then  cut  out  with  small  files,  drills,  and  saws,  and  the  occasional 
use  of  fine  cross-cut  chisels.  The  key  will  then  pass  those  wards 
which  impressed  themselves  upon  it ;  and  if  these  are  the  only 
wards  it  will  go  completely  round  and  open  the  lock.     K  there  are 
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also  other  wards  in  addition,  not  brought  up  flush  with  the  first 
wards,  the  key  is  waxed  again  and  pressed  against  them,  and  then 
ftirther  cut  out,  as  before.  This  process  is  evidently  one  of  absolute 
certainty,  and  the  key  so  made  is  in  all  respects  as  capable  of 
mastering  the  lock  as  the  original  key. 

These  warded  locks  are  however  easily  opened  with  merely  a 
piece  of  bent  steel  wire,  bent  into  such  a  sweep  as  will  reach  right 
round  the  wards  instead  of  passing  amongst  them,  thus  escaping 
all  chance  of  being  obstructed  by  them.  Such  an  instrument  is 
called  by  burglars  a  "  twirl."  In  Fig.  19,  Plate  30,  is  shown  the 
key  of  an  elaborately  warded  lock,  and  in  Fig.  20  is  shown  a 
picklock  or  twirl  which  will  open  the  lock  belonging  to  this  key, 
or  any  other  lock  having  wards  of  about  the  same  outside 
dimensions. 


The  fixed-guard  or  warded  lock  was  the  one  in  general  use  in 
the  middle  ages  ;  but  amongst  the  second  class,  or  locks  with 
moveable  guards,  is  found  the  most  ancient  lock  in  the  world,  the 
Egyptian  Lock,  which  is  shown  in  Fig.  13,  Plate  30.  A  A  is  the 
body  of  the  lock,  through  which  the  bolt  B  passes.  The  pins  COO, 
working  in  cavities  in  the  lock,  drop  into  holes  in  the  bolt*  when 
the  solid  end  of  the  bolt  is  projected  into  the  jamb  of  the  door  ;  and 
the  lock  is  then  locked.     In  order  to  unlock  it,  the  key  D  is  thrust 
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Utt&r  or  figure  and  lias  a  single  slot  on  the  inner  edge ;  and  these 
rings  are  separately  turned  round  by  hand,  instead  of  being  turned 
by  the  bit  of  a  key,  until  the  inside  slots  are  all  brought  into  one 
Kne,  allowing  the  bolt  then  to  pass.  Such  contrivances  may 
howerer  be  considered  more  curious  than  useful,  and  the  best 
constructions  of  them  have  been  readily  picked. 

The  next  kind  of  lock  is  the  Tumbler  Lock,  in  which  the  bolt  is 
moved  backwards  and  forwards  by  the  key  as  usual,  but  these 
movements  cannot  take  place  till  a  small  lever  with  a  stump  on  one 
side  be  lifted.  This  lever  and  stump  form  the  tumbler,  which  is 
held  down  by  a  spring ;  and  in  the  tail  of  the  bolt  are  two  notches, 
mko  one  of  which  the  stump  fits  when  the  bolt  is  shot,  and  into  the 
other  when  it  is  withdrawn.  All  that  is  necessary  to  efiect  the 
picking  of  this  lock  is  to  lift  the  tumbler  high  enough  for  clearing 
the  stump  out  of  the  notch,  and  then  draw  back  the  bolt.  The 
tumbler  may  be  lifted  with  one  pick,  and  the  bolt  drawn  back  with 
another ;  but  generally  one  pick  will  suffice  for  both  purposes.  As 
the  tumbler  only  requires  to  be  lifted  high  enough,  and  cannot  be 
lifted  too  high,  no  nicety  is  needed  in  the  operation  of  picking. 

In  the  Barron  Tumbler  Lock  the  principle  of  double-action  was 
introdnced.  In  place  of  simple  notches  in  the  upper  edge  of  the 
bolt-tail,  a  slot  is  cut  out  of  the  tail  in  the  direction  of  the  length  of 
the  bolt ;  and  this  slot  is  long  enough  to  admit  of  the  proper  motion 
of  the  bolt  while  the  stump  of  the  tumbler  is  in  the  slot.  The 
notches  for  the  stump  are  cut  out  in  pairs  on  both  sides  of  the  slot, 
exactly  opposite  to  one  another,  and  the  spring  of  the  tumbler  presses 
the  stump  into  the  two  bottom  notches,  while  the  key  or  pick  has  to 
lift  it  out.  If  however  the  stump  be  lifted  too  high,  it  enters  the 
opposite  top  notch,  and  so  stops  the  motion  of  the  bolt.  This 
aorangement  effected  an  important  advance  in  the  art  of  security. 

The  next  improvement  was  the  Lever  Lock  properly  so  called, 
under  which  designation  the  majority  of  the  modern  locks  may  be 
classed.  In  lever  locks  the  stump  for  preventing  the  withdrawal  of 
the  bolt  is  fixed  on  the  bolt  itself ;  and  the  levers  are  made  with 
radial  slots  or  "  gatings "  in  them,  to  admit  of  the  passage  of  the 
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stamp  in  withdrawing  the  bolt.  The  same  principle  runs  through 
all  the  very  numerous  varieties  of  lever  locks,  as  regards  their 
essential  construction  and  action,  their  differences  lying  mainly  in 
the  addition  of  various  ingenious  contrivances  for  detecting  attempts 
at  picking  the  lock  and  for  increasing  the  difficulty  of  access  to  the 
levers. 

The  principle  of  the  lever  lock  is  shown  in  Fig.  14,  Plate  30. 
On  the  bolt  B  of  the  lock  is  fixed  the  stump  S,  a  square-edged  stud, 
which  passes  through  a  slot  in  each  of  the  levers  L ;  these  are  a 
series  of  plates  having  all  the  same  external  form  and  all  working 
upon  a  common  centre  pin,  and  fitting  in  thickness  the  successive 
steps  of  the  key,  Fig.  15.  A  radial  slot  or  "  gating"  G  is  cut  in  each 
lever  to  allow  the  stump  S  to  pass  when  the  bolt  is  withdrawn ;  and 
these  gatings  being  cut  in  different  positions  in  each  lever,  it  is 
requisite  before  the  bolt  can  be  withdrawn  in  unlocking  that  all  the 
gatings  should  be  brought  exactly  under  the  stump,  which  is  effected 
by  the  several  steps  of  the  key  being  made  of  the  proper  height  to 
suit  their  respective  levers. 

In  the  actual  manufacture  of  these  locks,  the  key  is  first  cut 
with  an  arbitrary  division  of  the  several  heights  of  the  steps ;  and 
each  lever  in  succession  being  lifted  by  the  key  to  its  full  extent, 
the  gating  Q  is  then  marked  on  the  lever  to  correspond  with  the 
position  of  the  stump  S.  On  the  accuracy  with  which  the  gating 
is  cut  to  fit  the  stump  depends  the  security  of  the  lock  from  being 
opened  either  by  picking  or  by  a  false  key  differing  slightly  from  the 
original.  A  curved  notch  or  **  racking  "  R  is  made  at  the  bottom 
of  the  gating,  for  the  purpose  of  allowing  the  levers  to  be  pressed 
back  into  their  original  position  by  the  springs  I  when  the  bolt  is 
withdrawn,  as  they  would  otherwise  be  retained  in  their  raised 
position,  and  would  then  give  by  their  inner  edges  a  direct  indica- 
tion of  the  form  of  key  required  for  opening  the  lock. 

The  celebrated  Bramah  Lock  consists  of  a  metal  cylinder  with  a 
hole  passing  down  the  centre  ;  and  a  number  of  slots  are  cut 
radiating  outwards  from  the  centre  hole  and  running  throughout 
the  length  of  the  cylinder.  A  groove  is  turned  in  the  cylinder  fiH>m 
the  outside,  so  far  as  to  cut  a  short  distance  into  all  the  slots ;  and 
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into  each  slot  a  steel  slide  is  fitted,  having  a  notch  cut  in  its 
outer  edge,  in  such  a  position  that  when  the  slide  is  pushed  in 
longitudinally  to  the  proper  distance  the  notch  exactly  corresponds 
with  the  groove  in  the  cylinder.  Into  this  groove  fits  an  annular 
disc  of  steel,  having  nicks  cut  on  its  inner  edge  corresponding  to 
the  radial  slots  in  the  cylinder,  and  through  these  nicks  the  slides 
work  freelj.  The  annular  disc  is  fixed  securely  in  the  external  case 
of  the  lock  ;  and  the  slides  being  held  up  by  a  spring,  so  that  the 
solid  part  of  each  is  in  the  nicks  of  the  disc,  prevent  the  cylinder 
jErom  being  turned  round  for  unlocking  the  lock.  In  order  to 
free  the  cylinder  for  turning,  the  slides  must  all  be  pushed  in 
longitudinally  to  such  an  extent  that  their  notches  coincide  exactly 
with  the  annular  disc;  the  slides  can  then  pass  round  upon  the 
disc,  allowing  the  cylinder  to  revolve  and  move  the  bolt.  For 
pushing  the  several  slides  in  to  the  respective  depths  required,  a 
tubular  key  is  used,  having  longitudinal  slits  cut  in  its  end,  the 
length  of  the  slits  corresponding  inversely  to  the  depth  to  which 
the  respective  slides  have  to  be  pushed.  Should  any  one  sHde  be 
pushed  too  far  or  not  far  enough,  its  notch  will  not  coincide  with 
the  disc,  and  it  will  therefore  prevent  the  cylinder  from  being 
turned. 

The  Bramah  Lock  was  an  admirable  contrivance  with  remarkably 
beautifrl  mechanism  contained  in  a  small  compass  ;  and  since  its 
invention  there  have  been  several  ingenious  modifications  of  the 
same  principle  in  different  radial  locks,  such  as  the  Yale  Lock,  in 
which  the  slides  move  radially  instead  of  axially.  One  advantage 
in  these  radial  locks  is  the  greater  difficulty  in  copying  the  keys,  in 
comparison  with  the  flat  keys  of  ordinary  lever  locks  :  this  difficulty 
however  is  not  an  insurmountable  one. 

A  very  ingenious  addition  was  made  to  the  action  of  the  lever 
lock  in  Newell's  American  Lock,  which  was  shown  in  the  1851 
Exhibition  and  described  in  a  paper  at  a  former  meeting  of  the 
Institution  (see  Proceedings  Inst.  M.  E.  June  1851,  Page  16).  In 
this  lock  the  several  steps  of  the  key  were  made  each  of  a  separate 
piece,  excepting  the  first  and  last  steps  which  were  solid  as  usual 
but  had  no  action  on  the  levers  ;  and  the  intermediate  steps  were 
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secured  in  their  places  by  a  screwed  pin  passing  throngh  them  and 
through  the  two  fixed  steps.  After  unlocking  the  lock,  the  key  could 
be  changed  by  altering  the  relative  positions  of  the  moveable  steps ; 
and  the  lock  was  so  constructed  that  it  admitted  of  being  locked  the 
next  time  with  the  altered  key,  while  only  that  same  arrangement 
of  key  would  then  unlock  it  again.  This  was  effected  by  having, 
instead  of  the  ordinary  solid  stump,  a  compound  stump,  in  which  was 
a  separate  piece  for  each  lever ;  these  component  parts  of  the  stump 
were  lifted  up  with  the  levers  in  the  act  of  locking  the  lock,  and 
being  held  in  their  raised  position  by  a  paul  which  engaged  in  a  rack 
formed  in  the  back  of  each,  the  compound  stump  was  thus  made  an 
exact  copy  of  the  arrangement  of  key  used  in  locking.  As  the 
levers  fell  back  on  withdrawing  the  key,  nothing  but  the  same 
arrangement  of  the  steps  in  the  key  could  bring  them  again  to 
correspond  with  the  several  parte  of  the  stump  for  unlocking. 

The  important  point  gained  in  this  lock  was  that  no  copy  of  the 
key  was  available  for  opening  the  lock,  unless  taken  from  the  very 
arrangement  of  key  with  which  the  lock  was  last  locked:  the 
intention  being  that  the  pieces  of  the  key  should  be  changed 
immediately  after  locking,  their  position  only  being  noted  for 
restoring  the  key  to  the  form  required  for  opening  the  lock  again ; 
consequently  in  the  interim  any  wax  impression  taken  from  the  key 
would  be  useless.   This  lock,  though  certainly  a  remarkable  triumph 
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Implying  picklocka,  yet  the  keyhole  was  still  left  open  at  other 
times  for  the  action  of  picklocks  ;  and  the  nse  of  a  key  requiring 
to  be  nnsorewed  and  screwed  together  again  every  time  that  the 
lock  was  either  locked  or  unlocked  inyolyed  a  serious  practical 
objection. 

Though  locks  such  as  those  already  referred  to  exhibit  great 
dissimilarity  of  construction,  yet  there  is  one  point  in  which  they 
all  agree,  and  that  is  in  the  possession  of  a  direct  passage  from  the 
outside  to  the  works.  Although  various  locks  have  been  devised 
^th  the  object  of  having  no  direct  passage  to  the  works  from 
the  outside,  one  consideration  shows  the  inevitable  existence  of 
such  a  passage :  namely  that  without  it  the  key  could  not  possibly 
at  one  and  the  same  time  touch  the  hand  of  the  operator  and  the 
works  of  the  lock.  It  therefore  follows  that  any  instnunent  which 
can  pass  in  the  same  space  as  the  key  may  be  brought  to  bear  on 
the  works,  whatever  may  be  their  construction. 

It  can  now  be  shown  that,  if  picking  instruments  are  thus 
brought  to  bear  on  the  works  through  the  keyhole,  there  is  a 
regular  tentative  system  whereby  the  picking  of  any  lock  with  an 
open  keyhole  can  sooner  or  later  be  effected.  The  mode  of  operation 
is  in  its  chief  features  the  same  for  all  moveable-guard  locks. 
Taking  as  a  single  example  the  Egyptian  lock  shown  in  Fig.  13,  to 
pipk  this  lock  the  following  method  is  used.  A  piece  of  wood  or 
metal  is  taken  similar  to  the  key  D,  but  without  the  pins  E ;  and 
wax  or  clay  having  been  spread  on  the  upper  surface,  it  is  put  into 
the  lock  and  pressed  up  against  the  holes  G,  so  as  to  take  an 
impression  of  their  position.  Corresponding  pins  are  now  fixed  in 
these  places,  and  the  key  so  made  is  again  introduced  into  the  lock ; 
ajid  by  the  exercise  of  just  so  much  skill  as  is  required  to  lifb  the 
pins  G  free  from  the  bolt,  without  lifting  the  key  so  far  as  to  cause 
its  own  pins  to  catch  in  the  upper  case  A,  the  lock  is  picked.  The 
pins  on  the  key  may  then  be  regulated  to  the  proper  height,  so  as 
to  make  it  impossible  to  lift  up  too  high  with  them ;  and  when  this 
is  done  the  counterfeit  key  is  in  all  respects  as  good  as  the  one 
properly  belonging  to  the  lock.     K  the  pins  put  on  the  counterfeit 
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key  for  the  purpose  of  pickiiig  the  lock  be  made  of  some  substance 
having  sufficient  tenacity  to  lift  the  lock  pins  and  draw  the  bolt, 
but  not  strong  enough  to  resist  the  shearing  action  between  the 
bolt  B  and  the  case  A,  then  however  high  the  lock  pins  C  may 
be  lifted  by  the  counterfeit  the  bolt  will  yet  be  withdrawn,  and 
the  precise  length  of  the  pins  on  the  key  will  at  the  same  time  be 
obtained. 

The  picking  of  this  elementary  moveable-guard  lock  comprises 
the  principles  of  the  art  of  lock-picking ;  and  to  apply  these  principles 
to  the  picking  of  a  lever  lock,  the  following  variation  of  the  process 
is  put  in  practice.  Reverting  to  the  lever  lock  shown  in  Fig.  14, 
if  by  any  means  except  the  use  of  the  key  the  gatings  G  can  be 
brought  into  such  a  position  as  to  allow  the  stump  S  to  pass 
through  them,  that  constitutes  picking  the  lock.  This  has  been 
performed  with  the  simple  tool  shown  in  Figs.  16,  17,  and  18,  which 
consists  of  a  tube  F  made  to  fit  upon  the  drill  pin  of  the  lock ;  and 
on  this  tube  fits  another  external  tube  H,  which  turns  and  slides 
easily  on  the  inner  tube  F,  but  with  perfect  steadiness.  Each  tube 
has  a  projecting  step  at  the  extreme  end,  corresponding  to  a  certain 
extent  with  the  steps  of  the  key,  the  difference  lying  only  in  the 
length.  With  the  step  on  the  inner  tube  F  the  bolt  B,  Fig.  14,  is 
pressed  back  so  as  to  feel  the  stump  S  against  the  levers  L,  and  a 
constant  pressure  is  kept  upon  them  by  the  stump  by  means  of  the 
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actually  prevent  it;  for  locks  with  sixteen  levers  having  Mae 
notches  as  well  as  other  improvements  have  been  picked. 

This  was  the  mode  of  picking  so  successfnlly  shown  by  Mr. 
Hobbs,  who  at  the  time  of  the  1851  Exhibition  opened  in  this 
manner  a  lever  lock  of  one  of  the  best  makes.  A  similar  method  has 
been  used  with  locks  made  on  the  Bramah  principle,  only  that  in 
this  case  the  radial  slides  have  to  be  pushed  in,  while  a  slight  twist 
of  the  cylinder,  to  make  the  slides  bind  against  the  gaard-plate, 
supplies  the  place  of  the  pressure  put  upon  the  bolt  of  the  lever 
lock ;  and  in  this  way  a  Bramah  lock  was  also  picked  by  Mr.  Hobbs. 
In  the  radial  locks  the  only  variation  is  in  pushing  the  slides 
radially  instead  of  axially,  the  cylinder  being  slightly  twisted  at 
the  time  as  in  the  Bramah  lock;  and  a  lock  with  as  many  as 
40  radial  slides  has  been  picked.  There  are  also  additional  modes 
of  operation  in  lock-picking,  such  as  smoking  the  working  parts 
with  a  taper,  so  that  the  right  key  when  used  shall  indicate  the 
gradations  of  its  action  on  the  works,  which  are  afterwards 
examined  by  a  small  mirror  introduced  through  the  keyhole. 
Enough  has  however  been  stated  to  show  that  there  is  nothing  to 
prevent  attempts  at  picking  from  being  made  on  any  lock  having  an 
open  keyhole,  nor  any  certain  means  of  ascertaining  whether  at  any 
time  such  attempts  are  in  progress. 

The  other  mode  of  attacking  a  lock  is  by  taking  an  impression 
of  the  true  key  and  making  a  counterfeit  key  from  it.  As  a 
remarkable  instance  of  this  method  may  be  named  the  case  in 
which  two  of  the  best  lever  locks  were  opened  a  few  years  ago  by 
Agar  and  his  confederates,  and  £12,000  worth  of  gold  was  stolen, 
weighing  upwards  of  200  lbs.,  while  in  transit  on  the  South  Eastern 
Bailway  from  London  to  Paris.  In  this  important  robbery,  which 
took  place  on  16th  May,  1855,  the  gold  was  sent  in  three  boxes, 
iron-bound  and  sealed,  and  packed  in  a  bullion  safe,  which  was 
secured  by  two  new  locks  of  the  best  and  most  improved  make, 
duplicate  keys  being  kept  at  the  London  and  Folkestone  stations.  By 
the  collusion  of  two  of  the  railway  officials  wax  impressions  of  the 
keys  for  the  two  locks  were  obtained,  and  counterfeit  keys  made  from 
them ;  but  it  was  found  requisite  to  make  no  less  than  seven  trials 
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of  these  bonnterfeit  keys  before  they  could  be  snfficieiitly  perfected 
to  open  the  locks.  The  only  means  of  making  these  trials  was  by 
travelling  with  the  bnllion  safe  in  the  van,  by  collusion  of  the  guard 
of  the  train,  at  the  same  time  running  the  risk  in  each  trial  of 
creating  a  fatal  suspicion  by  over-lifting  the  detectors  in  the  locks. 
The  whole  was  however  ultimately  accomplished  with  complete 
success,  and  the  robbery  effected,  although  only  after  a  period  of 
several  months'  perseverance,  to  which  the  thieves  were  stimulated 
by  the  very  large  amount  of  the  prize  to  be  obtained. 


From  the  foregoing  observations  it  is  evident  that  there  are  two 
important  defects  in  the  principle  of  the  previous  lever  locks,  which 
being  defects  in  principle  are  fatal  to  their  security :  namely  the 
means  of  access  to  the  works  of  the  lock  through  the  keyhole, 
allowing  of  a  series  of  attempts  being  made  to  open  the  lock  by 
picking  instruments  ;  and  also  the  facility  afforded  for  repeating 
the  trial  of  a  false  key  made  from  a  wax  impression  of  the  true  key, 
and  thus  perfecting  it  by  successive  alterations  after  trial.  In 
consequence  of  the  possibility  thus  allowed  of  making  these  successive 
attempts  either  by  picking  instruments  or  by  a  false  key,  it  has  been 
shown  by  the  cases  that  have  occurred  of  locks  of  the  best  makes 
which  have  been  falsely  opened,  that,  however  numerous  and 
complicated  may  be  the  secondary  impediments   introduced  into 
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lie  under  the  levers  L  and  cylinder  C  is  removed,  as  seen  in  Fig.  6, 
Plate  27,  and  replaced  by  a  separate  flat  plate  or  stump-bolt, 
carrying  the  stump  S.  This  stump-bolt  has  a  projection  K  upon  it, 
let  into  a  recess  in  the  tail  D  of  the  main  bolt,  but  with  -j^th  inch 
vertical  play  in  the  recess.  A  spring  in  the  tail  of  the  main  bolt 
presses  the  stump-bolt  downwards,  keeping  the  stump  S  in  the 
notches  of  the  levers  L,  as  shown  in  Fig.  1.  The  stump-bolt  can  thus 
descend  yij^^  ^^^  8»t  first  without  moving  the  main  bolt,  and  this 
amount  of  vertical  movement  is  sufficient  to  carry  the  stump  in  and 
out  of  the  notches  in  the  levers  ;  but  the  stump-bolt  cannot  descend 
ftirther  without  taking  the  main  bolt  with  it. 

Immediately  in  front  of  the  bolts  comes  the  fixed  plate  H  H,  in 
which  is  cut  the  cam  groove  shown  by  the  dotted  line  J  J ;  and  also 
the  vertical  slot  E  for  the  pin  P  to  work  through,  together  with 
another  vertical  slot  in  which  the  stump  8  fits  and  works.  This 
plate  carries  the  centre  pin  U  on  which  the  levers  L  turn.  The 
levers  are  six  in  number,  though  any  other  number  may  be  used ; 
and  they  occupy  collectively  3-8ths  inch  thickness.  In  front  of  the 
plate  H  is  fixed  the  guard  A,  which  is  made  of  iron  or  steel,  and 
has  the  brass  cylinder  G  ground  into  it.  The  guard  is  made  a 
shade  thicker  than  the  levers  L,  in  order  to  prevent  the  back  plate  H 
and  the  corresponding  front  plate  from  being  so  tightened  on  the 
levers  as  to  impede  their  freedom  of  movement.  The  cylinder  C  is 
the  same  thickness  as  the  levers,  excepting  the  centre  boss  F,  which 
projects  from  the  back  of  the  cyHnder  and  works  in  a  bearing  in 
the  back  plate  H,  and  also  projects  in  front  through  the  thickness 
of  the  two  front  cover  plates.  The  small  keyhole  in  the  centre  of 
the  boss  goes  only  a  short  distance  into  the  cylinder  0,  being  merely 
for  the  purpose  of  enabling  the  stem  of  the  key  M,  Fig.  8,  to 
turn  the  cylinder  ;  the  bit  of  the  key  is  a  separate  piece  N,  which  is 
inserted  through  a  separate  keyhole  into  the  radial  slot  of  the 
revolving  cylinder  C,  as  shown  at  N  in  Fig.  1. 

This  radial  slot  is  cut  in  the  side  of  the  cylinder  0  that  is 
furthest  from  the  levers  when  the  cylinder  is  in  the  position  shown 
in  Fig.  1 ;  and  in  the  slot  fits  the  slide  block  R,  which  is  a  steel 
block  having  a  pin  projecting  on  each  side.     The  back  pin  enters 
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the  gxiide  groove  J  J  in  the  back  plate  H,  as  shown  by  the  dotted 
line,  and  the  front  pin  enters  the  corresponding  guide  groove  in  the 
front  cover  plate  which  is  shown  removed.  The  back  pin  of  the 
slide  block  projects  through  the  back  plate  H,  as  shown  in  Fig,  7, 
and  works  in  the  cam  groove  0  in  the  tail  of  the  stump-bolt  S, 
Fig.  6,  which  is  so  shaped  that  as  the  slide  block  travels  round  the 
guide  groove  J  J,  shown  by  the  dotted  lines,  it  moves  the  stump-bolt 
vertically  as  may  be  required  according  to  the  position  of  the  bolts 
and  levers. 

In  the  position  of  the  lock  shown  in  Fig.  1,  the  bit  N  has  been 
inserted  into  the  vacant  space  of  the  radial  slot  in  the  cylinder  0, 
in  front  of  the  slide  block  R.  The  size  of  this  vacant  space  is 
3-8ths  inch  long  by  l-8th  inch  wide  and  3-8ths  inch  deep ;  and  in 
the  two  front  cover  plates  of  the  lock,  and  also  in  the  door  to  which 
the  lock  is  attached,  a  hole  is  made  of  the  same  shape.  In  the  door 
there  is  no  bearing  for  the  centre  boss  F,  but  only  a  small  keyhole 
corresponding  in  size  with  that  in  the  boss  F  for  inserting  the  stem 
of  the  key. 


In  the  position  of  the  parts  shown  in  Fig.  1,  it  will  be  seen  that 
the  levers  L  are  held  pressing  down  against  the  circumference  of 
the  cylinder  C  by  their  springs  I  bearing  against  the  pin  P.  In 
this  position  also  the  bolt  spring  between  the  main  bolt  and  the 
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the  cylinder  is  bronglit  opposite  to  the  aperture,  wliicli  is  thereby 
completely  closed  against  the  insertion  of  a  picking  instrument. 
This  construction  accordingly  not  only  precludes  the  possibility  of 
opening  this  lock  with  an  ordinary  key,  in  which  the  part  that  acts 
on  the  levers  is  attached  to  the  stem  of  the  key,  but  it  also  renders 
it  an  absolute  impossibility  to  introduce  a  pick  of  any  form,  as 
nothing  can  reach  the  levers  L  except  a  detached  piece  of  such  a 
size  and  shape  as  to  be  capable  of  travelling  round  in  the  vacant 
space  lefb  in  front  of  the  slide  block  B>  in  the  radial  slot  of  the 
cylinder  0. 

For  the  purpose  of  unlocking  the  lock  the  bit  N,  Fig.  9,  is 
used.  This  bit  is  of  such  a  size  as  to  fit  into  the  vacant  space  of 
f  X  f  X I  inch  in  the  radial  slot  of  the  cylinder  0 ;  and  the  indent  at 
V  is  merely  for  the  purpose  of  ensuring  the  insertion  of  the  bit  in 
the  right  direction,  the  external  aperture  for  the  bit  being  made 
with  a  corresponding  projection  to  fit  the  indent  in  the  bit.  This 
bit  being  inserted  through  the  aperture  in  the  door  is  pushed  in  by 
means  of  the  key  stem  M,  which  is  flattened  on  two  sides  for  that 
purpose,  as  shown  in  Fig.  8 ;  and  the  bit  is  thus  pushed  home  into 
its  place  in  the  radial  slot  of  the  cylinder,  as  shown  at  N,  Fig.  1. 

The  key  stem  M  is  now  inserted  into  the  centre  keyhole  F,  and 
the  cylinder  is  turned  round  by  it  in  the  direction  shown  by  the 
arrow,  carrying  round  the  slide  block  B  and  the  bit  N.  The  slide 
block  R  while  moving  through  the  concentric  portion  at  the 
commencement  of  the  guide  grooves  J  J  does  not  afiect  the  bit ; 
but  by  means  of  the  cam  groove  0  in  the  tail  of  the  stump-bolt, 
Fig.  6,  it  moves  that  bolt  so  far  as  to  lifb  the  stump  S  completely 
out  of  the  notches  in  the  levers  L,  which  are  thereby  left  free  to 
be  raised.  On  continuing  to  turn  the  cyHnder  0  the  eccentric  part 
of  the  guide  grooves  J  J  causes  the  slide  block  R  to  move  outwards 
along  the  radial  slot,  pushing  the  bit  N  before  it ;  and  the  bit  is 
thus  made  to  project  beyond  the  circumference  of  the  cylinder, 
which  it  can  then  do,  being  no  longer  confined  by  the  guard  A. 
The  ftirther  projection  of  the  bit  as  the  cylinder  revolves  causes  the 
steps  in  the  bit  to  lift  their  respective  levers ;  and  the  steps  in  the 
bit  are  so  arranged  that,  when  the  cylinder  arrives  at  the  position 
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shown  in  Fig.  2,  all  tlie  gatings  G  are  brought  simnltaneonsly 
opposite  the  stump  S,  which  is  instantly  shot  down  through  the 
distance  of  the  -r^th  inch  play  by  the  bolt  spring.  The  bit  N  remains 
in  contact  with  the  extreme  part  T  of  the  levers  while  the  stump  S 
is  entering  the  gatings,  the  action  of  the  bolt  spring  being  so  rapid 
that  the  bit  cannot  move  through  any  appreciable  distance  during 
the  time. 

In  other  locks  a  spring  action  of  this  kind  would  greatly  facilitate 
the  picking,  inasmuch  as  it  would  afford  the  gentle  uniform  pressure 
desired  upon  the  levers,  which  is  given  by  the  weighted  arm  F  in 
the  picklock  previously  described,  Fig.  18.  In  other  locks  therefore 
the  bolt  is  caused  to  move  and  the  stump  to  enter  the  gatings  by 
the  direct  contact  of  the  key  with  the  bolt,  instead  of  by  a  spring ; 
but  as  the  key,  while  moving  the  stump  into  the  gatings,  is  also 
altering  its  position  under  the  levers,  a  slight  tremulous  motion  of  the 
levers  is  thereby  occasioned,  which  no  care  in  manufacture  can  obviate. 
This  tremulous  motion  is  aggravated  by  the  circumstance  that,  as 
the  keyhole  is  open  to  inspection,  it  is  necessary  to  make  all  the 
levers  fit  flush  with  one  another  when  down,  in  order  to  avoid 
affording  any  clue  to  the  shape  of  the  key  from  the  positions  of  the 
levers ;  but  as  the  various  steps  of  the  key,  being  of  different 
lengths,  describe  different  arcs,  the  curves  of  the  levers  when  raised 
are  of  necessity  in  error  to  them  all.     The  result  of  these  combined 
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in  Fig.  3,  Plate  26,  the  slide  block  R  has  pushed  the  bit  completely 
ont  of  the  radial  slot,  and  the  bit  falls  down  as  shown  in  Fig.  3,  and 
drops  through  a  hole  into  the  inside  of  the  safe  that  is  locked.  At 
this  point  the  back  pin  of  the  slide  block  comes  in  contact  with  the 
lower  side  of  the  cam  groove  0  in  the  stump-bolt,  Fig.  6 ;  and  by 
turning  the  cylinder  C  onwards  to  the  position  shown  in  Fig.  5,  the 
withdrawal  of  the  bolt  B  is  completed,  bringing  the  parts  into 
the  position  shown  in  Fig.  6.  In  these  drawings  only  one  lever  L 
is  shown;  but  there  are  altogether  six  levers,  as  shown  in  the 
sectional  plan,  Fig.  7.  The  pin  P  is  fixed  in  the  tail  D  of  the  main 
bolt,  so  as  to  travel  with  the  bolt ;  and  by  this  means  the  springs  I 
are  released  from  strain,  as  shown  in  Fig.  5,  as  soon  as  the  bolt  is 
withdrawn. 

From  the  nicety  with  which  the  various  parts  of  this  lock  are 
constructed,  it  is  evident  that  the  levers  must  be  very  accurately 
lifted  by  the  bit  of  the  key  in  order  to  withdraw  the  bolt ;  and 
therefore  any  error  in  the  bit,  such  as  would  occur  with  a  false  bit, 
will  effectually  prevent  the  lock  from  being  opened.  This  may  be 
illustrated  by  supposing  the  false  bit  to  be  so  close  an  imitation  as 
to  have  five  of  its  steps  absolutely  correct,  and  the  sixth  only 
slightly  wrong:  though  it  is  almost  impossible  that  such  a  near 
approach  to  correctness  could  be  attained  in  practice.  The 
counterfeit  bit  being  inserted  in  the  lock  and  the  cylinder  turned 
round,  all  will  go  on  the  same  as  with  the  true  bit,  up  to  the  time 
when  the  false  bit  reaches  the  point  T  of  the  levers,  as  previously 
shown  with  the  true  bit  in  Fig.  2.  Here  a  change  of  action  takes 
place;  but  what  is  the  nature  of  the  change  the  operator  has  no 
means  as  yet  of  ascertaining.  In  the  case  supposed,  where  five  of 
the  steps  in  the  bit  are  right  but  the  sixth  is  wrong,  the  gating  of 
the  sixth  lever  does  not  precisely  coincide  with  the  others  nor  with 
the  stump  S ;  and  the  consequence  is  that,  at  the  critical  moment 
when  the  stump  ought  to  spiing  into  the  gatings  and  hold  back 
the  levers  from  falling  forwards,  it  will  be  prevented  from  entering 
the  gatings,  owing  to  the  entrance  being  partly  blocked  up  by  the 
one  lever  which  stands  more  or  less  across  it. 
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The  fact  however  that  the  stninp  cannot  enter  the  gatings  does 
not  become  known  to  the  operator  until  the  cylinder  C  has  been 
turned  further  round  so  as  to  bring  the  slide-block  pin  in  contact 
with  the  lower  side  of  the  cam  groove  O  in  the  stump-bolt ;  and 
before  this  point  has  been  reached  the  false  bit  has  already  passed 
clear  of  the  levers,  which  not  being  retained  by  the  stump  are 
instantly  thrown  forwards  again  by  their  springs,  and  locked  in 
their  original  position  by  the  stump  entering  the  notches.  At  the 
same  time  the  false  bit  has  dropped  into  the  inside  of  the  safe  in  the 
same  manner  as  the  true  bit,  as  shown  in  Fig.  4. 

Hence  a  person  putting  a  false  bit  into  one  of  these  locks 
will  not  only  infallibly  lose  it  at  the  very  first  trial,  but  will  do  so 
without  gaining  any  information  as  to  the  nature  of  its  inaccuracy ; 
for  as  the  gatings  of  the  levers  cannot  be  seen  or  felt,  all  that  can 
be  told  about  the  action  of  a  false  bit  is  that  it  has  failed  to  open 
the  lock.  In  fact  a  counterfeit  bit  passes  under  the  levers  and 
through  the  lock  just  like  the  true  bit ;  and  it  is  only  the  stoppage 
afterwards  met  with  of  the  bolt  that  indicates  the  feilure  of  the 
fiilse  bit,  which  is  by  that  time  gone  beyond  recovery.  Whatever 
amount  of  labour  therefore  may  have  been  spent  on  the  fabrication 
of  a  counterfeit  bit,  this  bit  can  only  be  tried  once,  so  that  no 
alteration  can  afterwards  be  made  in  it. 

Nothing  that  can  be  inserted  into  the  radial  slot  of  the  cylinder  G 


IMPROVED   LOCK  AND   KEY.  95 

to  the  saw  by  the  slide-rest  B.  The  bit  I  is  fixed  in  the  holder  0, 
which  rocks  npon  a  centre,  so  as  to  give  the  required  curvature  to 
the  edge  of  each  step  in  the  bit  when  cut  by  the  saw,  as  shown  in 
the  ftill-size  section  of  the  bit-holder,  Fig.  11.  The  adjustment  of 
the  depth  of  cut  is  effected  by  the  set  screw  D  upon  the  slide-rest 
coming  up  against  the  eccentric  ring  E  upon  the  bed  of  the  slide- 
rest  ;  this  ring  is  turned  round  by  hand,  and  set  to  sixteen  different 
positions  by  means  of  the  catch-pin  F  and  the  sixteen  holes  on  the 
circumference  of  the  ring,  allowing  of  sixteen  different  depths  of  cut. 
The  lateral  adjustment  for  the  pitch  between  the  successive  steps  of 
the  bit  is  effected  by  the  two  bed-screws  Gt  Gt  acting  on  the  slide-rest 
B,  having  a  dividing  plate  on  the  head  and  such  a  pitch  of  thread 
that  one  turn  of  the  screws  traverses  the  slide-rest  through  the  exact 
distance  of  one  step  in  the  bit.  The  occurrence  of  any  play  or 
backlash  is  entirely  prevented  by  having  the  screws  placed  one  at 
each  end  of  the  slide-rest;  so  that  by  slacking  back  one  screw 
through  one  or  more  turns  and  then  advancing  the  other  through 
the  same  number  of  turns,  the  slide-rest  is  always  held  with  perfect 
steadiness  between  them,  filling  exactly  the  space  between  the  ends 
of  the  two  screws. 

The  number  of  changes  admissible  in  this  key-cutting  machine, 
if  used  for  making  keys  for  locks  having  six  levers,  is  the  number 
of  permutations  that  sixteen  terms  are  capable  of  when  taken  six 
together,  which  is  upwards  of  sixteen  millions.  Some  of  these 
changes  are  so  slight  that  too  great  accuracy  of  workmanship  would 
be  required  to  make  the  locks  accordingly ;  but  of  those  changes 
that  differ  &om  one  another  so  far  that  no  lock  could  be  opened  by 
any  other  than  its  own  key,  more  remain  than  could  be  used  up  by 
all  the  locks  in  the  world. 

The  writer  may  observe  that  it  was  the  study  of  the  circumstances 
of  the  great  gold  robbery  previously  referred  to,  and  of  the  various 
modes  of  picking  loqks,  which  led  him  to  turn  his  attention  to  the 
achievement  of  what  had  been  so  long  and  perseveringly  sought 
after,  namely  an  unpickable  lock.  The  principle  of  a  detached  bit 
has  been  previously  tried,  in  so  far  as  that  locks  have  been  made  in 
which  the  bit  of  the  key  was  deposited  in  the  lock  by  unscrewing 
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the  key  stem,  and  then  withdrawn  by  screwing  in  the  stem  again. 
But  inasmuch  as  the  detached  bit,  even  though  it  failed  to  open  the 
lock  in  the  case  of  a  counterfeit  key,  could  always  be  brought  back 
again  to  the  keyhole  and  removed,  this  admitted  of  a  repetition  of 
attempts  with  successive  alterations  of  the  one  counterfeit  key, 
without  the  certainty  that  any  warning  would  be  given  by  the  lock 
of  such  attempts  having  been  made. 

In  another  still  more  complicated  lock  with  a  detached  bit  there 
were  two  keyholes,  into  one  of  which  the  bit  of  the  key  was  put, 
and  the  stem  being  then  unscrewed  from  the  bit  was  put  into  the 
second  keyhole  and  turned  round  so  as  to  close  the  first  keyhole 
over  the  bit ;  a  separate  handle  was  then  turned  to  work  the  lock, 
six  separate  operations  being  required  for  either  opening  or  closing 
the  lock.  Further  a  kind  of  retainer  has  been  attempted  by  so 
arranging  the  lock  that,  if  any  key  was  put  in  but  the  right  one,  it 
was  held  in  the  keyhole  in  such  a  manner  that  it  could  never  be  got 
out.  In  this  case  however,  if  the  false  key  would  not  open  the 
lock,  neither  would  it  let  even  the  right  one  do  so,  and  it  would  be 
necessary  to  break  open  the  door  secured  by  the  lock. 


In  the  new  lock  described  in  the  present  paper  the  special  points 
that  have  been  aimed  at  are  the  following : — 

Firstly,  in  no  position  of  the  lock  is  there  any  access  to  the 
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gnnpowdep  in  the  keyhole,  the  only  openings  from  the  outside 
being  parallel  at  their  sides,  and  not  communicating  with 
any  portion  of  the  interior  of  the  lock ;  and  the  simplicity  and 
sohdity  of  construction  are  such  that  the  revolving  cylinder  is  made 
practically  air-tight  within  its  bearing.  This  effectually  prevents 
all  attempts  to  open  the  lock  by  picklocks,  and  leaves  no  alternative 
but  the  attempt  to  make  a  sufficiently  accurate  copy  of  the  true 
key. 

Secondly,  as  no  clue  whatever  can  be  obtained  from  the 
outside  of  the  lock  respecting  the  key  required,  the  attempts 
upon  the  lock  are  thus  limited  to  the  chance  of  obtaining  a  wax 
impression  of  the  true  key.  The  difficulty  of  making  a  counterfeit 
key  sufficiently  correct  by  this  means  for  opening  one  of  the  best 
of  the  previous  constructions  of  lock  is  very  great ;  but  in  the  new 
lock  this  difficulty  is  greatly  increased  by  the  fact  of  the  levers 
remaining  absolutely  stationary  while  the  stump  enters  the  gatings, 
in  consequence  of  which  the  gatings  are  made  so  close  a  fit  to  the 
stump  that  an  exceedingly  minute  error  in  the  lifting  of  any  of  the 
levers  is  sufficient  to  prevent  the  lock  being  opened.  This  extreme 
deHcacy  of  construction  can  be  carried  out  practically  without 
objection  in  the  new  lock,  because  there  is  no  possibility  of  putting 
a  strain  from  the  key  upon  the  stump,  so  as  to  cause  injury  by 
forcing  it  at  the  moment  of  entering  the  gatings ;  for  the  only 
force  acting  upon  the  stump  at  that  time  is  the  uniform  pressure  of 
its  own  spring.  In  addition  to  this  source  of  increased  safety, 
there  is  the  still  more  important  circumstance  that  only  a  single 
trial  can  be  made  of  each  counterfeit  bit;  because,  if  carried 
forwards  far  enough  to  try  its  effect  in  opening  the  lock  by  passing 
the  levers,  the  bit  is  inevitably  lost  by  falling  through  the  lock  and 
inside  the  door.  Thus  not  only  is*  all  chance  prevented  of  a 
second  trial  with  the  same  key,  but  the  bit  retained  inside  the  door 
gives  warning  of  the  attempt  having  been  made,  and  shows  how 
near  the  counterfeit  key  has  approached  to  the  original.  The 
numerous  cases  that  have  occurred  of  attempts  to  open  locks  by 
counterfeit  keys,  such  as  the  remarkable  instance  previously 
referred  to,  show  that  even  with  the  most  practised  hands  it  is  next 
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to  impossible  ta  make  from  a  wax  impression  a  key  that  will  serve 
for  opening  a  good  lock  the  very  first  time  it  is  tried ;  and  the 

.  striking  importance  is  therefore  seen  of  this  arrangement  in  the 
new  lock,  which  prevents  more  than  a  single  attempt  being  made 
with  a  counterfeit. 

Thirdly,  another  advantage  to  be  named  in  this  lock  is  that  the 
stem  alone  of  the  key  is  required  to  lock  it,  but  it  can  only  be 
unlocked  by  the  complete  key.  The  stem  therefore  can  be  left  by 
the  principal  of  an  establishment  for  locking  up  by  a  subordinate ; 
but  the  bit,  which  is  the  essential  part  of  the  key  required  for 
opening  the  lock,  need  never  be  used  or  seen  by  any  one  but  the 
principal  himself.  As  the  hole  in  the  external  door-plate  for  the 
stem  of  the  key  has  a  notch  on  one  side  only  to  admit  the  key-stem, 
and  the  cylinder  is  prevented  from  making  a  complete  revolution, 
the  stem  of  the  key  cannot  be  withdrawn  from  the  lock  except 

.  when  the  bolt  is  shot ;  so  that  its  absence  from  the  keyhole  serves 
as  a  proof  that  the  bolt  is  shot. 

Fourthly,  one  other  advantage  in  this  lock  is  its  simplicity  and 
solidity  of  construction.  It  contains  no  more  parts  than  the  simpler 
forms  of  lever  lock  having  the  same  number  of  levers,  and  the 
total  number  of  separate  pieces  in  the  complete  lock  is  only  sixteen. 
The  principle  of  security  therefore  upon  which  the  new  lock  is 
constructed  avoids  entirely  the  complications  and  the  delicate  and 
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was  practicable  in  the  best  handwork  from  a  wax  impression.  He 
also  eidiibited  the  key-catting  machine,  employed  for  cutting  the 
bits ;  and  also  a  set  of  burglar's  tools  employed  for  drilling  into  the 
door  of  an  iron  safe  sufficiently  for  breaking  open  or  removing  the 
lock,  showing  that  the  hold  required  for  giving  the  cutting  pressure 
upon  the  powerful  drill  employed  for  the  purpose  was  obtained  by  a 
steel  crosr  piece  inserted  into  the  keyhole  and  turned  at  right 
angles,  so  as  to  hold  across  inside  the  lock ;  but  in  the  new  lock,  as 
the  keyhole  had  no  opening  into  the  lock  and  only  a  slight  shoulder 
on  one  side,  no  means  were  afforded  for  obtaining  the  required  hold 
for  the  drill. 

A  specimen  was  also  exhibited,  lent  by  Messrs.  Hobbs  and  Co., 
of  one  of  the  permutating  locks,  similar  in  construction  to  the  one 
shown  at  the  former  meeting  of  the  Institution  (see  Proceedings 
Inst.  M.  E.  1851,  Plates  33  to  35),  having  the  key  composed  of  a 
number  of  separate  bits,  the  arrangement  of  which  upon  the  key 
stem  could  be  varied  at  pleasure,  while  the  lock  could  only  be 
unlocked  with  the  particular  arrangement  by  which  it  had  been 
locked.  The  present  lock  had  also  in  addition  the  subsequent 
improvement  referred  to  in  the  paper,  the  stem  of  the  key  being 
removed  from  the  bits  during  the  operation  of  locking  and  unlocking. 

The  Chairman  remarked  that  the  paper  just  read  gave  a  very 
excellent  and  clear  description  of  the  detailed  working  of  the  new 
lock,  and  he  thought  this  construction  of  lock  was  a  most  valuable 
one,  as  affording  real  security  against  all  fraudulent  attempts.  He 
enquired  whether  there  would  be  any  possibility  of  tampering  with 
the  lock  by  examining  it  upon  the  inside  of  a  safe  door,  whenever 
the  door  might  happen  to  be  left  unlocked. 

Mr.  Fenby  replied  that  there  was  no  means  of  tampering  with 
the  lock  from  the  inside  of  the  door,  as  the  two  keyholes  for  working 
the  lock  were  only  in  the  front  face  of  the  door,  and  the  lock  was 
all  closed  up  on  the  inside  of  the  door,  excepting  the  hole  through 
which  the  bit  was  allowed  to  drop  out ;  but  this  would  be  useless 
for  the  purpose  of  tampering  with  the  lock,  as  the  bit  dropped 
down  a  tube  leading  to  the  bottom  of  the  door,  through  which  no 
examination  of  the  lock  could  be  successfully  made. 
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Tire  Chairman  enquired  whetlier  there  was  any  provision  against 
the  bit  being  accidentally  locked  up  inside  the  safe,  in  which  case  it 
appeared  the  lock  could  not  be  opened  again. 

Mr.  Fenby  replied  that  the  owner  of  the  safe  must  of  course  be 
careful  after  unlocking  the  safe  to  take  the  bit  out  before  locking 
it  again,  otherwise  there  would  be  no  means  of  opening  the  lock 
afterwards  with  that  key.  As  a  precaution  however  against  any 
such  accident  each  lock  was  provided  with  three  bits,  all  duplicates, 
one  of  which  would  be  kept  in  the  pocket  for  use,  while  the  two 
others  would  be  preserved  in  a  place  of  safety  for  the  chance  of  any 
such  contingency.  Moreover  in  most  of  the  safes  fitted  with  these 
locks,  the  tube  through  which  the  bit  dropped  had  been  made  of 
such  a  length  as  to  carry  out  the  bit  on  opening  the  door,  dropping 
it  into  a  small  tin  tray  outside  the  safe ;  and  by  this  means  the 
accidental  locking  in  of  the  right  bit  was  rendered  impossible. 
One  of  the  advantages  of  the  new  lock  was  that  the  stem  of  the  key 
was  not  required  to  be  kept  constantly  in  the  possession  of  the 
owner,  but  it  might  be  left  in  the  lock,  as  the  bit  alone  was  the 
valuable  part  of  the  key ;  and  as  the  bits  were,  of  such  small  size 
and  convenient  shape,  a  number  of  them  might  readily  be  kept  in 
the  pocket  by  a  person  having  charge  of  a  number  of  safes,  without 
the  inconvenience  attending  a  large  bunch  of  ordinary  keys.  In 
the  case   of  an  attempt  being  made  to   open  the  lock  with  a 
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Mr.  W.  S.  LoNGRiDGE  observed  tliat  tlie  inconvenience  that  had 
been  allnded  to  with  the  new  lock,  of  accidentally  locking  np  the 
bit  inside  the  safe,  was  no  greater  than  occurred  with  an  ordinary 
safe  lock  if  ever  the  key  was  accidentally  lost ;  in  either  case,  unless 
the  precaution  was  taken  of  keeping  a  duplicate  in  reserve,  it  would 
of  course  be  necessary  to  have  the  safe  broken  open. 

The  Chairman  enquired  how  the  ideas  had  been  arrived  at  of 
separating  the  bit  from  the  key,  and  of  preventing  all  access  to  the 
works  through  the  keyhole,  and  also  of  retaining  the  bit  inside  the 
door  afber  any  attempt  at  unlocking. 

Mr.  Fenbt  replied  that  his  attention  had  in  the  first  instance 
been  attracted  to  the  subject  of  the  picking  of  locks  as  a  mechanical 
problem,  and  he  had  found  that  there  had  hitherto  been  no  principle 
in  lockmaking  which  could  effectually  baffle  persevering  attempts  at 
picking.  For  although  there  were  certain  complicated  constructions 
of  locks,  having  many  points  of  excellence,  they  had  all  yielded  in 
time  to  the  picking  instrument  in  clever  hands  ;  and  it  must  be 
remembered  that  any  individual  lock  when  once  constructed 
remained  stationary  as  regarded  subsequent  improvement,  whereas 
the  art  of  picking  that  lock  was  continually  progressing  towards 
success,  with  all  previous  constructions  of  locks,  and  it  was  clear 
therefore  that  the  lock  must  ultimately  be  defeated.  He  had  been 
fiirther  stimulated  in  the  investigation  of  this  subject  by  the 
occurrence  of  the  great  gold  robbery  referred  to  in  the  paper ;  and 
the  circumstance  which  had  struck  him  most  forcibly  in  connection 
with  that  robbery  had  been  that  locks  of  the  best  make  hitherta 
•known  had  admitted  of  seven  successive  trials  being  made  upon 
them  without  detection,  each  trial  furnishing  the  information  for 
ftirther  perfecting  the  counterfeit  key,  until  the  locks  woire  at  length 
opened. 

These  considerations  had  led  him  to  the  conclusion  that  two 
points  were  established  and  were  required  ,io  be  kept  in  view  for 
the  construction  of  any  lock  that  should  be  really  secure  against 
fraudulent  attempts.  The  first  point  was  that  wherever  a  man 
could  get  instruments  into  the  1«(Jk  he  could  ultimately  solve  any 
problem  laid  before  him  by  thd  maker  of  the  lock,  as  the  lock  when 
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once  made  cotild  be  tried  any  nttmber  of  times  if  an  instmment 
cotdd  be  got  into  it  at  all.  Hence  lie  bad  concluded  tbat  it  was 
requisite  for  all  access  to  the  interior  to  be  cnt  off,  so  as  to  preclude 
all  possibility  of  getting  a  picklock  in ;  and  this  was  accordingly 
accomplished  by  adopting  the  plan  of  separating  the  bit  from  the 
stem  of  the  key.  The  second  point  established  was  that  it  was 
necessary  to  prevent  the  possibility  of  making  a  succession  of 
trials  with  the  same  counterfeit  key ;  and  it  had  then  struck 
him  that,  if  the  bit  of  the  key  were  arranged  to  drop  inside  the 
safe  in  unlocking,  there  would  be  no  means  of  going  on  gradually 
improving  and  touching  up  the  counterfeit  jfrom  the  results  of 
previous  trials,  as  the  false  bit  would  be  irrecoverably  lost  in  the 
very  first  attempt,  without  furnishing  any  clue  whatever  as  a  guide 
for  alteration  in  a  subsequent  trial.  The  first  lock  that  he  had 
invented  for  meeting  the  requirements  thus  pointed  out  had  been 
made  with  a  solid  block  having  a  tunnel  through  it,  but  involving 
the  same  principle  of  retaining  the  bit  of  the  key  and  keeping  the 
levers  inaccessible  from  the  outside.  Subsequently  however  he 
had  abandoned  that  construction  and  produced  the  new  lock  shown 
in  the  drawings,  having  the  revolving  barrel  with  radial  slot. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Fenby  for  his 
paper,  which  was  passed. 


PEOCBEDINGS. 


31  July  and  1  August,  1866. 


The  Annual  Meeting  of  the  Members  was  held  in  the  Lecture 
Theatre,  Mechanics'  Institution,  David  Street,  Manchester,  on 
Tuesday,  31st  July,  1866 ;  Joseph  Whitworth,  Esq.,  President,  in 
the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and 
confirmed. 

The  President  announced  that  the  Ballot  Lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following  New 
Members  were  duly  elected  : — 


MEMBERS. 


WiLLUM  Adams,  . 
George  Armstrong, 
William  Carpmael,  Jun., 
Henry  Chapman, 
Edward  Freer  Daniel, 
Joseph  Beyerley  Fenby, 
Charles  John  Galloway, 
William  Ireland,    . 
Alban  Meredith, 
Alfred  Sacrb, 
Joseph  Smethurst, 
Eli  Spencer,  . 
John  Classon  Stephens, 
John  Stevenson,     . 
Henry  Wren,      . 


London. 

Wolverhampton. 

London. 

Paris. 

Shrewsbury. 

Birmingham. 

Manchester. 

Manchester. 

Dalton-in-Fumess. 

Sheffield. 

Guide  Bridge. 

Oldham. 

DubHn. 

Middlesbrough. 

Manchester. 
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ASSOCUTE. 

Richard  Lewis  Whitb,    .        .        .     Swindon. 

QBADUATE8. 

Jambs  Butler,     ....         Mancliester. 
Thomas  Snowden  Butler,        .        .    Leeds. 


The  following  paper  was  then  read : — 
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ON  THE  PROOF  OF  GUNS  BY  MEASUREMENT, 
WITH  DESCRIPTION  OF  THE  INSTRUMENT  EMPLOYED. 


By  the  President,  JOSEPH   WHITWOBTH,  Esq. 


Many  rifled  Guns  have  doubtless  been  permanently  injured  by 
Having  been  proved  with  excessive  charges.  The  writer's  object 
has  been  to  ascertain  what  amount  of  charge  any  particular 
description  of  gun  will  bear,  without  a  permanent  alteration  of 
its  parts  ;  and  by  the  use  of  his  Contact  Measuring  Instrument  for 
this  purpose  a  difference  of  one  ten-thousandth  part  of  an  inch  can 
be  detected. 

Before  commencing  the  proof  an  exact  measure  is  taken  of  the 
bore  of  the  gun  opposite  the  centre  of  the  powder  charge  A, 
Fig.  1,  Plate  31 ;  and  also  opposite  the  centre  of  the  projectile  B. 
A  shot  is  then  fired  with  a  powder  charge  somewhat  smaller 
than  that  intended  when  using  the  proper  weight  of  projectile. 
The  bore  is  again  measured  at  the  same  places,  and  also  near  the 
base  of  the  shot,  which  will  be  found  to  have  enlarged  the 
most ;  and  this  enlargement  takes  place  more  or  less  even  with 
what  may  be  considered  a  legitimate  charge,  and  is  altogether 
independent  of  the  general  overstraining  and  enlargement  produced 
by  an  excessive  charge. 

As  a  general  rule  the  writer  has  found  that,  as  regards  accuracy 
of  fire  and  penetration,  the  best  length  for  a  solid  projectile  is 
three  diameters ;  and  the  total  weight  of  powder  that  the  gun  can 
wholly  consume  before  the  shot  has  left  the  gun  is  about  one 
seventh  of  the  weight  of  this  projectile.  Applying  these  propor- 
tions to  the  600  pounder  gun  now  in  our  service,  which  has  a 
bore  of  13  inches,  it  should  fire  a  990  lbs.  shot  and  consume  141 
lbs.  of  powder ;  while  the  American  gun  of  15  inches  bore  should 
fire  a  1522  lbs.  shot  with  217  lbs.  of  powder.     It  thus  appears  that 
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the  bores  are  too  large  in  the  above  cases ;  and  therefore  the 
guns  themselves  will  be  fonnd  totally  inefficient  when  they  have 
to  contend  with  others  of  smaller  bores  nsing  ihe  proportions  of 
powder  and  shot  that  have  been  named. 

The  Instrument  designed  by  the  writer  for  the  proof  of  guns  by 
measurement  is  shown  in  Figs.  4  to  6,  Plates  32  and  33.  Fig.  1  is  a 
longitudinal  section  of  a  7  inch  gun,  the  dotted  lines  showing  the 
measuring  instrument  as  when  placed  in  the  bore  for  measuring. 
Fig.  4  is  a  longitudinal  section  to  a  larger  scale,  and  Fig.  6  a 
transverse  section  of  the  gun  and  the  head  of  the  measuring 
instrument  drawn  half  fall  size,  showing  the  three  sliding  feelers 
and  contact  pieces  by  which  the  measurement  is  eflPected. 

The  long  stem  of  the  measuring  instrument  is  composed  of  two 
tubes,  which  for  strength  and  lightness  are  made  of  steel.  The 
outer  tube  C  is  attached  to  a  brass  head,  which  has  three  radial 
arms  DDD.  Into  grooves  in  these  arms  are  accurately  fitted  the 
three  sliding  steel  feelers  F,  which  are  secured  in  their  places  by 
a  covering  plate.  The  inner  ends  of  these  feelers  work  in  three 
inclined  dovetailed  grooves  in  the  wedge  piece  Gr,  which  is  attached  to 
the  end  of  the  inner  tube  E ;  their  outer  ends,  which  come  in  contact 
with  the  sides  of  the  bore  of  the  gun,  have  pieces  of  hardened  steel 
screwed  on  in  order  to  reduce  the  wear  to  a  minimum,  and  render 
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inclinatioii  of  1  in  20,  one  division  of  the  micrometer  wheel  K 
causes  the  feelers  F  to  move  out  or  in  through  '0001  inch  or 
l-10,000th  inch ;  and  an  enlargement  of  the  bore  to  this  minute 
extent  of  l-10,000th  inch  is  decidedly  felt  by  moving  the  rod  and 
feelers  backwards  and  forwards  a  short  distance  within  the  bore  of 
the  gun.  The  rod  C  is  supported  at  the  muzzle  of  the  gun  on 
a  grooved  brass  pulley  L,  Fig.  4,  which  fecilitates  its  free  movement 
backwards  and  forwards  in  the  bore  of  the  gun.  In  order  to 
measure  with  the  greatest  accuracy,  it  is  necessary  that  the  bore  of 
the  gun  be  careftilly  washed  out  after  each  discharge,  as  any  fouling 
or  particles  of  grit  left  in  the  bore  would  interfere  with  the  requisite 
measurement.  With  care  a  skilful  manipulation  may  always  detect 
a  difference  of  only  one  ten- thousandth  part  of  an  inch. 

During  the  competitive  trials  of  the  special  committee  at 
Shoeburyness  in  1864  the  writer  designed  this  measuring  instrument 
for  ascertaining  for  his  own  information  the  alteration  which 
took  place  in  the  bore  of  the  70  pounder  gun  under  trial.  The 
measurements,  which  were  careftilly  taken  at  different  times  during 
the  firing  of  nearly  3000  rounds,  showed  that  the  enlargements 
of  the  bore  with  successive  charges  of  10  lbs.  of  powder  and  70  lbs. 
shot  were  regular,  and  were  due  entirely  to  wear  of  the  gun  in  the 
powder  chamber ;  but  when  the  powder  charge  was  increased,  and 
a  large  air  space  left,  the  gun  being  loaded  each  time  with  a  number 
of  shot,  the  enlargement  of  the  bore  was  so  rapid  that  a  continuance 
of  those  charges  must  have  led  to  the  destruction  of  the  gun,  as  the 
enlargements  showed  that  a  permanent  set  must  have  taken,  place 
at  every  discharge. 

In  the  first  2886  rounds  the  total  enlargement  in  diameter  at 
the  base  of  the  shot  was  '0198  inch,  as  shown  in  the  accompanying 
Table.  In  the  next  50  rounds,  40  were  fired  with  heavier  shot, 
namely  20  rounds  with  140  lbs.  and  20  with  280  lbs.,  and  an 
air  space  of  12  inches  was  left  between  the  powder  and  shot ; 
the  farther  enlargement  of  the  bore  at  the  base  of  the  shot  was 
•0170  inch,  showing  that  nearly  as  much  total  enlargement  was 
caused  by  these  50  rounds  as  by  the  previous  2886  rounds.     The 
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last  15  rounds,  fired  with  still  heayier  sliot  varying  from  350  to  490 
lbs.,  and  5  of  them  with  an  increased  powder  charge  of  15  lbs., 
produced  a  still  further  enlargement  of '0157  inch,  being  nearly 
equal  to  that  of  the  2886  or  the  50  rounds. 

The  total  enlargement  of  the  bore  at  85  inches  in  from  the 
muzzle  after  firing  2886  rounds  was  '0018  inch. 

Trials  of  70  pounder  Whitworth  Oun. 


Weight  of 

Weight  of 
Shot. 

No.  of 

K^^en. 

Powder. 

Airspace. 

Eounds. 

Lba. 

Lbs. 

Inches. 

Inch. 

10 

70 

— 

992 

•0062 

10 

70 

— 

1036 

•0054 

10 

70 

— 

858 

•0082 

Total 

2886 

0198 

10 

70 

12 

10       ^ 

10 

140 

12 

20 

10 

280 

12 

20 

Total 

60 

'0170 

10 

490 

12 

10 

15 

350 

6 

1 

15 

420 

6 

1 

15 

490 

6 

3 

j^H 
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Mr.  W.  Fairbaibn  observed  tliat  tlie  measuring  instrument 
which  had  been  described  appeared  well  adapted  for  the  purpose 
intended,  and  afforded  the  means  of  measuring  with  extreme 
accuracy  the  exact  enlargement  produced  in  the  bore  by  a  number 
of  discharges.  The  use  of  the  measuring  instrument  in  the  trials 
described  in  the  paper  now  showed  that  nearly  as  much  damage 
was  done  to  the  gun  by  enlargement  of  the  bore  in  50  rounds  with 
a  very  heavy  charge  as  in  2886  rounds  with  the  more  moderate 
charge  that  the  gun  was  intended  to  carry;  and  it  therefore 
appeared,  particularly  in  the  case  of  the  heavier  charges,  that  it 
was  merely  a  question  of  time  how  long  the  gun  would  stand  the 
repeated  discharges  before  becoming  so  much  damaged  as  to  be  in 
danger  of  bursting.  The  result  thus  arrived  at  by  applying  the 
system  of  measurement  to  the  proof  of  guns  was  a  confirmation  of 
what  was  observed  in  other  cases  in  connection  with  the  strains  of 
materials;  for  in  regard  to  the  limit  of  elasticity  in  different 
materials,  although  this  was  intended  to  mean  such  a  limit  of  strain 
that  any  lower  strain  would  not  produce  a  permanent  set  in  the 
material,  yet  he  had  found  that  a  strain  amounting  to  only  one 
tenth  of  that  limit,  when  repeated  often  enough,  led  ultimately  to 
fracture ;  and  he  therefore  inferred  that,  even  in  the  case  of  still 
smaller  charges,  the  gun  must  ultimately  be  destroyed  by  repeated 
discharges,  even  supposing  it  should  stand  as  many  as  6000  rounds 
with  only  the  same  amount  of  enlargement  that  was  now  found 
to  be  produced  in  3000  rounds.  The  great  importance  however  of 
employing  measurement  in  proving  any  description  of  ordnance  was 
evident,  in  order  to  have  reliable  means  of  determining  how  many 
rounds  a  gun  should  sustain  before  it  became  dangerous  and 
absolutely  likely  to  burst. 

The  President  remarked  that  one  point  which  had  been  satis- 
factorily established  by  the  use  of  the  measuring  instrument  was 
that  the  wear  of  the  gun  was  mainly  confined  to  the  powder 
chamber,  and  that  very  little  wear  was  produced  by  the  friction 
of  the  shot  in  the  gun.  It  had  been  anticipated  by  some  military 
and  naval  men  that  iron  shot  would  never  do  at  all  for  an  iron  gun, 
but  that  they  would  wear  the  gun  out  in  much  less  than  1000  rounds. 
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The  measnrement  showed  however  that,  after  firing  as  many  as 
3000  rounds  with  the  iron  shot,  the  total  wear  at  a  distance  of  35 
inches  from  the  muzzle  amounted  to  only  about  l-500th  inch  on 
the  diameter,  or  only  1-lOOOth  inch  on  each  side  of  the  bore,  which 
was  a  very  satisfactory  result  to  arrive  at.  ^ 

Mr.  B.  FoTHERGiLL  enquired  whether  it  was  a  cylindrical  or 
spherical  shot  which  produced  so  little  wear  in  the  bore  of  the 
gun. 

The  President  explained  that  the  shot  was  not  cylindrical  or 
spherical,  but  was  hexagonal  with  the  comers  rounded,  fitting  the 
bore  of  the  gun,  as  shown  in  the  drawing  (Figs.  2  and  3,  Plate  31), 
which  exhibited  the  most  perfect  form  of  shot  for  length  of  range 
and  accuracy  of  flight ;  the  length  of  the  shot  was  about  three 
diameters,  and  the  rifling  was  about  one  turn  in  twenty  diameters 
length.  The  ordinary  shot  was  of  cast  iron  ;  and  it  was  rounded  off 
at  the  front  end,  and  tapered  a  little  at  the  rear,  as  shown  in  the 
drawing  (Fig.  2). 

Mr.  R.  Napier  enquired  whether  the  wear  produced  by  the  shot 
was  greater  on  the  lower  or  the  upper  side  of  the  bore. 

The  President  replied  that  the  wear  of  the  gun  took  place  upon 
the  flat  sides  of  the  hexagonal  bore,  and  there  would  not  be  any 
difference  in  the  wear  of  the  bore  on  one  side  more  than  on 
another  with  the  polygonal  form  of  rifling. 

tlie  amount  of  windage 
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the  oomers ;  this  additional  windage  at  tlie  junction  of  the  flats  and 
comers  was  '015  inch  on  each  side  or  '03  inch  in  diameter,  making 
a  total  windage  at  the  comers  of  '05  inch  in  diameter  between  the 
bore  and  the  shot. 

The  10  lbs.  weight  of  powder  employed  with  the  70  lbs.  shot 
occupied  a  length  of  about  three  diameters  in  the  bore  of  the  gun, 
the  space  occupied  by  the  shot  and  the  powder  being  the  same  when 
the  proportion  of  7  to  1  in  weight  was  adopted,  which  had  been 
found  by  experiment  to  give  the  best  results.  In  the  longitudinal 
section  of  the  7  inch  gun  shown  in  the  drawing  (Fig.  1,  Plate  31) 
the  powder  filled  the  space  A  of  about  20  inches  length,  and  the 
shot  B  occupied  also  a  length  of  20  inches.  He  considered  it 
desirable  to  put  as  much  powder  into  the  gun  as  could  be  wholly 
consumed  before  the  shot  had  passed  out  at  the  muzzle,  and  then 
it  was  clear  that-the  greatest  possible  effect  was  obtained  from  both 
l^e  gun  and  the  powder ;  and  in  accordance  with  this  condition 
he  had  found  that  as  a  general  rule  three  diameters  length  of 
powder  was  the  best  for  a  solid  shot  such  as  he  had  employed, 
haying  a  length  of  about  three  times  its  diameter. 

Mr.  E.  J.  Bbamwell  noticed  that  in  the  second  and  third  sets  of 
trials  with  the  70  pounder  gun  an  air  space  had  been  left  between 
the  powder  and  the  shot,  which  he  presumed  had  been  done  for  the 
purpose  of  increasing  the  strain  on  the  gun;  and  he  enquired 
whether  a  longer  air  space  than  the  12  inches  lefb  in  the  trials 
would  still  ftirther  increase  the  strain,  or  whether  there  was  a  limit 
in  the  increase  of  strain  resulting  from  the  air  space. 

In  reference  to  the  enlargement  of  only  l-50th  inch  in  the  bore 
after  the  first  2886  rounds,  he  enquired  whether  this  small  amount 
of  enlargement  might  not  be  merely  the  permanent  set  resulting 
ttam  taking  up  the  slack  parts  of  the  gun,  and  not  a  sign  of  injury 
produced  by  overstraining ;  and  he  asked  what  was  considered  the 
proportion  of  enlargement  that  must  take  place  with  an  ordinary 
charge,  without  indicating  injury  to  the  gun. 

The  President  replied  that  the  air  space  left  between  the  end  of 
the  powder  and  the  shot  in  the  trials  was  expressly  for  the  purpose 
of  "punishing"  or  intentionally  overstraining  the  gun,  in  order  to 
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try  the  eflPeot  of  an  extreme  strain  ;  bnt  in  ordinary  practice  no  air 
space  was  left,  the  shot  being  always  rammed  home  on  the  powder. 
With  reference  to  the  amount  of  the  air  space,  some  experiments 
which  he  had  made  with  rifle  barrels  showed  that  the  longer  the  air 
space  the  greater  was  the  strain  on  the  gnn ;  and  showed  also  how 
very  severe  a  strain  was  produced  on  a  gun  by  leaving  any  length 
of  air  space  at  all.  The  mode  in  which  the  strain  acted  upon 
the  barrel  was  also  very  remarkable,  the  effect  appearing  to  be 
concentrated  at  a  particular  point,  producing  a  definite  annular 
bulge  all  round  the  barrel  at  that  point,  instead  of  the  enlargement 
being  distributed  uniformly  over  the  length  of  the  air  space.  In  a 
rifle  barrel  of  '46  inch  diameter  with  a  special  charge  of  120  grains 
of  powder  and  a  special  hexagonal  shot  weighing  700  grains,  an  air 
space  of  3  inches  length  being  left  between  the  powder  and  the  shot, 
the  bulge  was  found  at  ^  inch  in  front  of  the  point  where  the  back 
end  of  the  shot  had  been  before  firing ;  and  by  then  lengthening 
the  air  space  1  inch,  a  second  bulge  was  obtained  1  inch  in  front  of 
the  first  bulge.  This  result  appeared  very  striking,  the  interval 
between  the  two  bulges  being  perfectly  parallel  and  well  defined  in 
position. 

In  reference  to  the  question  whether  the  gun  might  not  receive 
a  certain  amount  of  enlargement  at  first  in  the  way  of  permanent 
set,  without  sustaining  any  damage,  he  did  not  think  that  this  was 
the  case.     It  should  be  mentioned  indeed  that  a  certain  amount  of 
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filiot  of  150  lbs.  weight,  no  enlargement  whatever  was  found  to 
liaye  been  produced,  and  two  shots  were  then  fired  with  the 
same  result;  but  on  firing  three  shots,  an  enlargement  of  about 
1-1 500th  inch  was  found  to  have  been  occasioned  at  three  places 
nesdt  the  breech.  This  showed  that  the  gun  would  fire  two  shots 
without  injury,  but  with  three  shots  it  was  so  far  damaged. 

Mr.  J.  Kennan  enquired  whether  the  three  shots  were  put  in 
close  to  one  another,  or  whether  any  air  space  was  left  between 
ihem. 

The  President  replied  that  no  air  space  was  left  between  the 
three  shots,  and  they  were  flat-ended  and  all  in  contact,  so  that 
they  would  have  the  same  eflect  in  the  gun  as  if  all  one  shot. 

Mr.  H.  Maudslay  asked  whether  any  difierence  in  friction  had 
been  found  between  cast  iron  shot  and  wrought  iron  shot. 

The  President  said  he  was  not  able  to  state  whether  there  was 
any  difference  or  not,  as  wrought  iron  shot  was  so  seldom  used, 
cast  iron  being  almost  exclusively  employed  for  the  purpose.  The 
small  amount  of  wear  produced  in  the  bore  of  the  gun  by  the 
friction  of  the  shot  might  be  explained  by  the  circumstance  that 
there  was  always  a  certain  amount  of  fouling  in  the  gun  from  the 
previous  discharge,  so  that  the  shot  rode  upon  a  coating  of  fouling 
every  time  the  gun  was  fired.  There  was  found  to  be  a  little  wear 
just  at  the  muzzle  of  the  gun,  in  consequence  of  the  shot  not  being 
always  put  in  quite  straight  in  loading  the  gun. 

Mr.  W.  Fairbairn  said  he  had  had  the  pleasure  of  visiting  the 
President's  works  on  the  previous  day,  and  had  seen  there  a  very 
ingenious  vent  designed  by  the  President  for  obviating  the  objection 
hitherto  met  with  in  guns  of  the  vent  becoming  worn  away  after 
repeated  discharges  so  as  to  require  frequent  renewal.  It  consisted 
of  a  piece  of  platinum  in  the  form  of  a  long  plug,  screwed  into 
the  breech  of  the  gun  and  having  the  vent  hole  drilled  through 
its  centre,  while  the  inner  end  of  the  plug  was  enlarged  into  a 
conical  head ;  and  from  the  results  of  experiments  such  an  angle 
of  cone  had  been  obtained  that  neither  the  wear  from  the  escape 
through  the  vent  at  the  moment  of  discharge  nor  the  pressure  of 
the  discharge  produced  any  effect  upon  the  size  of  the  aperture 
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in  the  platinum,  in  consequence  of  wliicli  a  mncli  larger  number  of 
rounds  could  now  be  fired  before  the  vent  piece  required  renewal. 

Mr.  R.  Napier  enquired  what  was  the  angle  of  the  cone  in  the 
platinum  vent  piece. 

The  President  replied  that  the  inclination  that  was  found  the 
best  for  the  sides  of  the  cone  to  the  axis  was  about  30**,  as  shown 
at  TT  in  the  fall  size  longitudinal  section  of  the  platinum  vent 
piece  (Fig.  8,  Plate  33).  With  a  more  obtuse  cone  it  had  been 
found  that  the  aperture  of  the  vent  became  gradually  enlarged  by 
the  wear  caused  by  the  rush  of  gas  through  the  vent  hole ;  while 
with  a  smaller  angle  than  30^  the  vent  aperture  became  gradually 
contracted  in  size,  owing  to  the  platinum  cone  being  driven  in  by 
the  pressure  of  the  explosion ;  but  with  the  particular  angle  of  cone 
that  was  adopted  this  gradual  contraction  just  compensated  for  the 
wear  of  the  vent,  so  as  to  maintain  a  constant  size  of  aperture. 
Previously  guns  required  to  be  vented  by  means  of  a  fresh  tube  at 
about  every  400  rounds ;  but  with  the  platinum  vent  as  many  as 
4000  rounds  had  been  fired  with  one  vent  piece,  the  only  wear  being 
on  the  flat  surface  of  the  end  that  was  exposed  to  the  inside  of  the 
powder  chamber. 

Mr.  W.  Pairbaibn  moved  a  vote  of  thanks  to  the  President  for 
his  very  interesting  paper,  which  was  passed. 
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DESCEIPTION    OF    AN    IMPROVED 
REVERSING  ROLLING  MILL. 


By  Mr.  JOHN  BAMSBOTTOM,  of  Crewe. 


The  improved  Reversing  Rolling  Mill  described  in  the  present 
paper  has  been  in  operation  for  seven  months  at  the  Steel  Works  of 
the  London  and  North  Western  Railway  at  Crewe,  having  been 
designed  and  laid  down  by  the  writer.  The  special  point  in  the 
arrangement  is  that  the  rolls  are  driven  direct  by  the  engine, 
without  the  intervention  of  a  flywheel ;  and  the  engine  and  rolls 
together  are  reversed  each  time  that  a  heat  is  passed  through,  the 
rolling  being  alternately  in  opposite  directions.  The  idea  of 
reversing  a  train  of  rolls  by  reversing  the  engine  at  each  passage  of 
the  heat  through  the  rolls  was  first  suggested  by  Mr.  Nasmyth,  but 
has  never  to  the  writer's  knowledge  been  carried  out  before. 

A  general  plan  of  the  rolling  mill  and  engines  is  shown  in 
Eig.  1,  Plate  34,  and  an  enlarged  plan  of  the  Engines  in  Fig.  2, 
Plate  35 ;  Fig.  3,  Plate  36,  is  a  side  elevation  of  the  engines,  and 
Fig.  4  a  transverse  section.  They  are  a  pair  of  direct-acting 
horizontal  engines  coupled  at  right  angles,  as  shown  in  the  plan. 
Fig.  2;  and  they  are  reversed,  without  shutting  off  steam,  by 
hydraulic  power,  by  means  of  the  arrangement  shown  in  plan  in 
Fig.  2  and  in  elevation  to  a  larger  scale  in  Fig.  7,  Plate  37.  The 
reversing  shaft  A  is  connected  by  links  to  a  piston  working  in  a 
small  cylinder  B  of  4  inches  diameter  and  10^  inches  stroke,  the 
water  pressure  being  300  lbs.  per  square  inch.  The  admission  of 
the  water  to  the  cylinder  is  regulated  by  a  slide-valve  worked  by 
the  shaft  and  hand  lever  CC.  This  shaft  is  prolonged  and  carried 
outside  the  engine  house,  as  shown  in  the  plan  Fig.  2,  in  order 
to  place  the  attendant  in  a  position  where  he  may  be  able  more 
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easily  to  seize  the  right  moment  for  reversing.  The  shaft  C  is  made 
hollow,  as  shown  enlarged  in  Fig.  6 ;  and  through  it  mns  a  second 
shaft  with  hand  lever  DD,  which  regulates  the  main  steam- valve  B 
of  the  engines  by  the  lever  and  connecting  rod  F.  By  this  means 
the  attendant  standing  outside  the  engine  house  at  G  and  in  fall 
view  of  the  rolls  has  complete  command  over  the  engines  by  the  two 
handles  C  and  D.  A  hand  lever  is  also  fixed  on  the  reversing 
shaft  A,  as  a  provision  for  reversing  the  engines  in  the  event  of 
any  accident  occurring  to  the  hydraulic  gear  or  any  deficiency  in 
the  water  supply. 

The  engines  make  3j  revolutions  for  one  revolution  of  the 
rolls,  and  the  speed  of  piston  is  about  4  times  (4*14)  that  of  the 
circumference  of  the  rolls.  The  cylinders  H  H,  Fig.  2,  are  28  inches 
diameter  with  4  feet  stroke.  The  expansion  link  K,  Fig.  3,  shown 
to  a  larger  scale  in  Fig,  6,  is  the  straight  link  devised  by  Mr. 
Alexander  Allan,  and  is  driven  by  three  eccentrics  and  rods,  two 
at  one  end  and  one  at  the  other,  so  as  to  avoid  the  oblique  thrust 
inevitable  with  only  two  eccentric  rods. 

The  connection  between  the  engines  and  the  mill  train  is  made, 
first  by  means  of  an  ordinary  clutch  shown  at  J  J  in  Figs.  1  and  2, 
and  secondly  by  a  friction  coupling  designed  by  the  writer,  and 
shown  in  position  at  LL.  This  friction  coupling  is  shown  enlarged 
in  Figs.  11  and  12,  Plate  40.  The  disc  M  is  keyed  on  the  driver 
N.  and  a  smaller  disc  O  is  mounted  wobbler-fashion  on  the 
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an  occnrrence  is  very  mucli  diminislied,  and  many  stoppages  and 
breakages  are  avoided,  whereby  loss  of  capital  is  prevented. 

The  engines  are  of  such  power  that  there  is  no  necessity  to  do 
more  than  jnst  start  them  before  the  heat  enters  the  rolls.  Thus 
the  heavy  flywheel  nsnally  employed  is  not  required,  and  consequently 
the  engines  are  easily  reversed ;  neither  is  there  any  expenditure  of 
steam  except  at  the  very  time  of  rolling.  For  the  same  reason  the 
weiEtr  and  tear  of  machinery  and  the  necessary  lubrication  are 
reduced  to  a  minimum  in  this  mode  of  driving  the  rolls.  Instead 
of  the  heavy  flywheel  employed  in  the  ordinary  arrangement  of 
rolling  -mills  as  a  reservoir  of  power,  in  which  the  power  of  the 
engine  is  previously  accumulated  ready  to  be  concentrated  upon  the 
work  at  the  time  of  rolling,  the  boiler  is  made  to  serve  as  the 
reservoir  of  power  in  the  new  rolling  mill ;  and  it  has  this  great 
advantage,  that  whereas  the  flywheel  contains  only  a  limited  store 
of  power,  which  continues  diminishing  during  the  time  of  application, 
the  boiler  supply  is  practically  unlimited,  so  that  the  rolling  power 
continues  constant  throughout  the  time  of  operation. 

In  the  rolling  of  puddled  slabs  for  the  frame  plates  of  locomotive 
engines,  which  are  reduced  3^  inches  in  thickness  at  one  heat 
in  the  rolls,  about  twenty-one  reversals  of  the  rolls  are  required. 
These  are  efiected  with  great  ease  and  almost  instantaneously  by 
the  arrangement  above  described,  the  shock  being  transmitted  to 
the  elastic  cushion  of  steam  in  the  cylinders  of  the  engines.  This 
handinesB  allows  of  either  iron  or  steel  plates  being  passed  through 
both  the  roughing-down  rolls  and  the  finishing  rolls  at  one  heat ; 
and  the  work  is  thus  done  with  a  minimum  expenditure  of  heat  and 
waste  of  metal.  It  has  been  found  on  trial  not  at  all  difficult  to 
reverse  the  engines  together  with  the  whole  train  of  rolls  as  many 
as  73  times  in  one  minute. 

There  are  two  pairs  of  Rolls,  one  for  roughing  down  and  the 
other  for  finishing.  The  roughing-down  pair  are  24  inches  diameter 
by  6  feet  length;  they  are  shown  in* elevation  and  plan  in  Figs. 
8  and  9,  Plates  38  and  39,  and  Fig.  10,  Plate  40,  is  an  end  elevation; 
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Figs.  13  and  14,  Plate  41,  are  transverse  sections  througli  the 
housing  and  through  the  rolls. 

In  these  rolls  a  new  description  of  tightening-down  gear  has 
been  designed,  in  order  to  obtain  greater  facility  and  accuracy  in 
tightening  down  the  rolls,  and  to  ensure  the  top  roll  being  at  all 
times  perfectly  parallel  to  the  bottom  roll.  This  gear  is  shown  in 
Figs.  8,  9,  and  14.  It  consists  of  a  vertical  wrought-iron  shaft  Q, 
carried  by  a  cast-iron  bed-plate  and  supported  at  the  upper  end  by 
the  wrought-iron  standard  S,  between  the  housings,  and  in  the 
centre  of  the  length  of  the  rolls.  On  the  top  of  the  shaft  is  keyed 
a  spur  wheel  T,  which  drives  the  two  spur  wheels  UU  on  the 
vertical  holding-down  screws  of  the  top  roll  R.  These  screws  work 
in  steel  nuts  let  into  the  housings,  as  shown  in  Fig.  13,  and  the  top 
bearing  of  the  centre  shafb  Q  is  also  a  corresponding  screw  working 
in  a  brass  nut,  so  that  the  centre  spur  wheel  T  rises  and  descends 
simultaneously  with  the  two  outer  spur  wheels  UU  when  the  gear 
is  in  motion.  A  vertical  hydraulic  ram  V,  Figs.  8  and  10,  is  placed 
in  a  convenient  position  near  the  rolls ;  and  a  chain,  shown  by  the 
thick  dotted  line,  is  j&istened  at  one  end  to  the  barrel  of  the  ram, 
carried  thence  over  the  pulley  on  the  ram  head  V,  down  again  to 
the  fixed  pulley  below,  and  thence  round  a  guide  pulley  X  on 
the  nearer  roll  housing  to  the  spiral  chain-barrel  upon  the  lower  end 
of  the  vertical  centre  shafb  Q.  The  chain  makes  a  few  coils  round 
the  barrel,  and  the  end  is   fastened  to  the  barrel  near  the   tor 
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repeated  after  eacli  passage  of  tlie  slab  through  the  rolls.  When 
the  rolling  is  completed,  the  water  is  released  from  the  ram, 
and  the  ram  falls,  while  the  counterbalance  weight  W  on  the  second 
chain  winds  up  the  tightening-down  screws  to  their  original  position  ; 
and  the  usual  counterbalance  apparatus  Y,  Figs.  8  and  13,  applied 
to  the  top  roll  R,  causes  it  to  rise  with  the  upper  chocks. 

The  head  V  of  the  hydraulic  ram,  Figs.  8  and  10,  carries  an 
index  finger,  which  by  means  of  graduations  on  the  guides  enables 
the  attendant  to  give  with  accuracy  the  requisite  amount  of  lowering 
of  the  top  roll  at  each  reversal,  and  thereby  to  reduce  each  slab 
with  certainty  to  exactly  the  same  thickness.  As  an  additional 
precaution  in  rolling  a  set  of  slabs  all  to  the  same  thickness,  a  chalk 
mark  is  made  on  one  of  the  spur  wheels  TJ,  after  the  final  rolling 
of  the  first  slab ;  and  at  the  final  rolling  of  each  successive  slab  of 
the  same  set  a  stop  is  placed  in  the  teeth  of  the  spur  wheel  at  this 
mark,  stopping  the  screwing  down  always  at  the  same  point,  and 
thus  preventing  the  possibility  of  any  mistake  in  the  finished 
thickness  of  any  slabs  of  that  set.  The  total  vertical  motion  given 
to  the  roll  by  the  hydraulic  ram  is  3|  inches,  while  the  stroke  of  the 
ram  is  6  feet  2i  inches ;  consequently  the  movement  of  the  ram  is 
21  times  that  of  the  roll,  and  the  indication  by  which  the  tightening 
of  the  rolls  is  measured  being  thus  magnified  21  times  gives  great 
accuracy  in  the  adjustment. 

By  this  system  of  gearing  the  two  tightening-down  screws 
together  by  means  of  the  intermediate  spur  wheel,  the  top  roll 
is  made  to  move  always  truly  parallel  to  the  lower  roll,  and  there  is 
no  possibility  of  one  end  of  the  roll  descending  more  than  the  other. 
Thus  the  two  surfaces  of  the  slabs  rolled  are  made  perfectly  parallel 
to  each  other,  with  a  uniform  thickness  throughout  the  entire  width 
of  the  slab. 

In  the  finishing  rolls  the  same  tightening-down  gear  is  employed. 
These  rolls  are  of  cast  iron  chilled  on  the  circumference,  24  inches 
diameter  by  7  feet  length ;  and  they  differ  in  no  important  respect 
from  the  roughing-down  rolls.  As  the  finishing  rolls  require  only 
a  small  vertical  motion,  no  counterbaltocing  gear  is  applied  to  the 
top  roll  as  in  the  previous  pair,  the  bottom  chocks  of  the  top  roll 
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being  supported  by  the  ordinary  transverse  spring  beams  passed 
tbrongb  the  housings. 

In  order  to  facilitate  the  introduction  of  large  slabs  into  the 
rongbing-down  rolls,  a  set  of  bent  levers  ZZ,  Figs.  8  and  14,  shown 
to  a  larger  scale  in  Fig.  15,  Plate  42,  are  attached  to  a  horizontal 
shafb  B  running  along  the  ground  parallel  to  the  rolls  ;  and  by  means 
of  a  hand  lever  H  on  the  shafb  all  these  levers  are  simultaneously 
brought  up  under  the  slab,  and  by  a  shght  movement  the  slab  is 
then  lifted  into  the  rolls.  Each  of  the  levers  is  attached  to  the  shaft  B 
by  an  arm  and  pin  joint,  so  that  it  can  yield  to  any  inequality  on 
the  surface  of  the  slab ;  and  it  is  brought  up  again  by  the  overhanging 
counterbalance  ball  A. 

From  the  fact  that  the  train  of  rolls  driven  in  this  manner  is 
only  in  motion  while  the  heat  is  being  passed  through,  it  is  not 
found  necessary  to  use  a  stream  of  water  for  lubricating  the  roll 
bearings  in  the  ordinary  manner  ;  but  all  the  journals  are  truly  fitted 
in  the  bearings,  and  are  lubricated  with  oil  and  tallow. 
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Mr.  B.  Napier  asked  whether  any  break-downs  or  accidents  had 
occurred  since  the  mill  was  first  started. 

Mr.  Eamsbottom  replied  that  they  had  had  no  accidents  of 
any  sort  during  the  seven  months  that  the  mill  had  now  been  at 
work. 

Mr.  W.  Faibbaibn  enquired  whether  the  rolling  mill  was  employed 
for  rolling  down  ingots  of  steel ;  and  whether  the  same  plan  would 
not  be  applicable  for  rolling  armour  plates. 

Mr.  EiAMSBOTTOM  said  he  had  not  used  the  mill  for  rolling  down 
steel  ingots,  but  it  was  employed  chiefly  in  rolling  the  frame  plates 
for  locomotives.  For  armour  plates  he  thought  the  reversing  mill 
would  be  very  suitable,  and  the  only  question  was  one  of  gearing  and 
power  for  rolling  any  size  of  armour  plate  that  might  be  required. 
He  had  had  no  difficulty  at  present  in  rolling  anything  that  had 
been  put  into  the  mill.  On  one  occasion  he  had  rolled  a  circular 
steel  saw-plate,  7  feet  diameter,  which  was  of  course  rolled  in  a 
single  piece.  It  had  been  objected  to  the  plan  of  keeping  the  rolls 
parallel,  by  gearing  the  tightening-down  screws  together,  that  the 
plates  sometimes  wanted  humouring,  by  tightening  the  top  roll  down 
more  at  one  side  than  the  other,  which  could  not  be  done  when  the 
screws  were  geared  together  ;  but  in  practice  the  utmost  extent  of 
the  humouring  required  was  so  slight  that  he  had  found  it  was  only 
necessary  to  pass  the  plate  through  nearer  to  one  side  or  the  other, 
as  the  rolls  themselves  were  not  turned  truly  cylindrical,  but  slightly 
larger  in  diameter  in  the  centre  to  compensate  for  the  springing 
under  the  strain  in  rolling. 

Mr.  R.  Napier  remarked  that  the  levers  employed  for  entering  a 
slab  into  the  rolls  looked  very  light,  and  he  enquired  whether  they 
were  found  strong  enough  for  the  purpose. 

Mr.  Ramsbottom  replied  that  the  levers  were  made  of  pieces  of 
ordinary  spring  steel  ^  inch  thick  and  3i  inches  broad,  and  there 
were  four  of  them  on  each  side  of  the  rolls,  and  though  light  in 
appearance  they  completely  answered  the  purpose  of  lifting  the 
slabs  into  the  rolls  ;  and  with  this  arrangement  one  man  at  the  hand 
lever  could  do  more  than  four  or  five  men  by  the  old  plan  of  running 
a  truck  at  the  slab  to  force  it  into  the  rolls. 
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Mr.  B.  FOTHBBGILL  remarked  that  in  ordinary  ironworks  where 
there  were  a  number  of  furnaces  in  connection  with  the  same  set  of 
rolls,  the  heats  to  be  rolled  would  be  of  different  thicknesses,  so  that 
it  would  be  necessary  to  lower  the  rolls  immediately  from  a  bar  or 
slab  of  say  3  inches  thickness  to  a  plate  only  1  inch  or  f  inch  thick ; 
and  he  enquired  how  quickly  the  tightening-down  gear  could  be 
altered  in  the  new  rolling  mill,  for  changing  the  gauge  of  the  rolls 
to  suit  such  requirements,  and  whether  this  was  done  as  quickly  as 
in  the  usual  mode  by  hand. 

Mr.  B.AMSB0TT0M  replied  that  the  top  roll  in  the  new  rolling  mill 
had  a  motion  of  3^  inches,  and  from  the  full  width  of  opening  it 
could  be  brought  down  in  a  few  moments  through  the  whole  range 
of  3|  inches  by  means  of  the  hydraulic  tightening-down  gear,  nor 
had  any  inconvenience  or  delay  been  experienced  from  this  cause. 
The  alteration  was  effected  quite  as  quickly  as  with  the  ordinary 
tightening-down  screws  worked  by  hand  and  independent  of  each 
other ;  and  the  adjustment  was  made  with  much  greater  accuracy 
by  the  hydraulic  apparatus,  the  3^  inches  range  of  motion  of  the 
top  roll  being  magnified  21  times  on  the  scale  of  the  hydraulic  ram, 
which  was  constructed  according  to  the  arrangement  of  Sir  Wm. 
Armstrong's  hydraulic  cranes.  The  range  of  the  top  roll  could 
be  frirther  increased  if  desired,  by  altering  the  proportion  of  the 
gearing. 

Mr.  S.  Lloyd  observed  that  tlie  old  plan  of  reversinw  tlie  rolls 
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tool  half  ronnd  for  cntting  during  the  return  stroke,  when  the  length 
of  travel  was  anything  considerable ;  but  with  a  very  short  travel 
this  was  of  less  consequence,  and  the  return  motion  might  be  made 
without  cutting. 

Mr.  Ramsbottom  replied  that  one  of  the  best  illustrations  of  the 
£Etcility  of  reversing  the  rolls  was  the  mode  adopted  for  rolling 
down  the  crop  ends  of  plates  into  small  sheets  1-1 6th  inch  thick, 
to  be  used  as  covers  for  the  moulds  in  casting  the  Bessemer  steel 
ingots.  The  men  were  left  to  themselves  as  to  the  mode  of  working, 
and  they  preferred  to  reverse  the  rolls  for  these  small  pieces  of  metal 
instead  of  passing  the  work  over  the  top  roll,  as  they  found  they 
could  get  on  much  quicker  by  reversing. 

Mr.  F.  J.  Bramwell  remarked  that  as  the  engine  drove  the  rolls 
direct  in  the  new  mill,  without  the  use  of  a  heavy  flywheel,  the  engine 
itself  must  be  of  greater  power,  and  he  asked  for  some  information 
respecting  the  comparative  cost ;  he  thought  it  probable  the  saving 
effected  by  avoiding  the  expense  of  the  heavy  flywheel  would 
compensate  for  the  cost  of  the  larger  engine. 

Mr.  BiAMSBOTTOM  considered  the  engine  working  direct  on  the 
rolls  to  be  certainly  more  economical  in  first  cost  than  the  ordinary 
plan  of  using  a  flywheel.  In  the  present  instance  the  engine 
employed  was  larger  than  was  actually  needed,  having  been  put 
down  originally  for  driving  the  tyre  mill,  and  it  had  afterwards  been 
applied  to  the  rolling  mill  for  the  purpose  of  testing  the  plan  of 
reversing,  because  it  was  not  possible  to  reverse  with  a  flywheel. 
In  putting  down  a  new  rolling  mill  for  the  same  class  of  work,  it 
would  not  be  necessary  to  have  so  large  an*engine  as  that  shown  in 
the  drawings.  It  was  of  course  requisite  to  have  a  second  cylinder 
working  at  right  angles,  when  the  flywheel  was  dispensed  with; 
but  even  with  a  flywheel  two  cylinders  were  not  unfrequently 
employed. 

Mr.  R.  Napier  enquired  whether  the  work  was  done  with  less 
expenditure  of  steam  by  dispensing  with  the  flywheel. 

Mr.  Ramsbottom  had  no  doubt  that  the  expenditure  of  steam  was 
not  greater  than  with  a  flywheel,  and  there  was  certainly  less  wear 
and  tear,  and  a  great  saving  in  time.     The  fljrwheel  involved  the 
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defect  in  principle  of  going  twice  over  the  ground,  the  speed  being 
first  increased  by  gearing  from  the  engine  to  the  flywheel,  and  then 
rednced  again  by  gearing  from  the  flywheel  to  the  rolls ;  and  that 
process  necessarily  occasioned  a  waste  of  power  by  friction,  which 
was  saved  by  the  present  plan  of  dispensing  with  the  flywheel. 

Mr.  E.  T.  Bellhouse  thought  the  new  reversing  rolling  mill 
presented  a  very  important  practical  embodiment  of  the  great 
principle  advocated  by  Mr.  Nasmyth,  of  applying  steam  power 
direct  to  the  work  required  to  be  done.  In  former  years  mechanical 
engineers  had  laboured  under  great  disadvantages,  owing  to  thd 
want  of  machinery  suiE&ciently  accurate  and  fine  for  accomplishing 
properly  the  desired  work.  Hence  it  arose  that,  in  forging,  the 
principle  of  the  common  hammer  had  been  made  use  of,  and  the 
hammer  itself  had  been  made  of  very  great  weight  and  driven  by  a 
powerful  engine  with  very  heavy  flywheel,  in  order  to  perform  the 
work  by  the  aid  of  momentum.  Subsequently  these  cumbrous 
engines  and  massive  flywheels  were  superseded  by  Mr.  Nasmyth  by 
the  direct  application  of  the  steam  to  the  work,  in  the  steam 
hammer  of  his  invention ;  by  which  the  power  could  be  applied 
with  the  utmost  nicety,  exactly  in  proportion  to  the  work  to  be 
done.  The  same  important  principle  had  since  then  been  followed  up 
in  many  other  instances,  and  was  now  carried  out  in  the  new  rolling 
mill  that  had  been  described,  in  which  the  stopping  and  reversing 
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comparatively  small  size,  each  working  direct  upon  its  own 
machines,  might  perhaps  be  advantageously  carried  ont  in  the  case 
of  cotton  mills  and  similar  mann&ctnres,  instead  of  the  present  plan 
of  driving  the  whole  of  the  machinery  in  the  works  by  a  single 
engine  of  very  large  size ;  the  principle  had  been  already  adopted  in 
print  works  and  warehonses,  as  well  as  in  many  engineering  works. 

Mr.  J.  Fbenib  said  he  had  recently  seen  the  reversing  rolling 
mill  in  operation  at  Crewe,  and  conld  folly  bear  out  all  that  had 
been  stated  in  regard  to  the  very  efficient  way  in  which  it  worked ; 
but  in  existing  ironworks  it  generally  happened  that  an  engine  had 
been  put  down  for  more  purposes  than  one,  and  then  this  reversing 
arrangement  would  not  be  applicable.  At  the  works  with  which 
he  was  connected  the  tyre  mill  and  plate  mill  were  both  driven  by 
the  same  engine,  so  that  reversing  by  the  plan  adopted  at  Crewe 
was  not  practicable.  He  should  like  to  enquire  whether  in  making 
common  iron  the  plates  would  stand  this  mode  of  rolling,  and 
whether  the  reversing  would  not  injure  the  fibre. 

Mr.  W.  M.  Sparrow  thought  there  must  be  a  severe  concussion 
between  the  teeth  of  the  two  spur  wheels  gearing  the  engine  to  the 
mill,  whenever  the  rolls  were  reversed  while  running  at  any 
considerable  speed  ;  and  he  enquired  what  had  been  the  experience 
in  respect  to  the  wear  of  the  wheels. 

Mr.  Eamsbottom  replied  that  he  had  not  experienced  any  draw- 
back from  the  wear  of  the  gearing,  as  the  parts  which  moved 
quickly  were  all  so  light,  and  there  was  no  large  mass  in  motion 
such  as  a  heavy  flywheel,  and  only  the  action  of  the  elastic  steam 
to  check  and  reverse  the  motion.  The  power  being  brought  to  bear 
upon  the  work  just  as  wanted,  and  direct  from  the  engine,  there  was 
no  accumulated  force  to  be  checked  in  reversing,  and  no  more  force 
was  called  into  play  than  was  actually  required  for  accomplishing 
the  rolling.  The  reversing  was  thus  effected  with  no  more  trouble 
or  wear  than  in  the  ordinary  reversing  of  a  locomotive  engine. 

"With  regard  to  rolling  the  plates  in  both  directions  in  the 
reversing  rolling  mill,  he  had  heard  it  objected  by  steel  makers  that 
steel  would  be  deteriorated  in  quality  by  being  rolled  both  ways  ; 
but  having  himself  tested  the  steel  that  had  been  rolled  both  ways, 
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he  had  fonnd  no  difference  in  quality  between  that  and  the  steel 
rolled  only  one  way. 

Mr.  W.  Facrbairn  considered  it  was  immaterial  in  the  mannfactnre 
of  iron  or  steel  whether  the  metal  was  rolled  first  in  one  direction 
and  then  in  the  other  or  rolled  continuously  in  one  direction  only. 
The  only  effect  of  the  rolling,  as  regarded  the  quality  of  the 
material,  was  that,  supposing  ifc  to  be  a  crystallised  substance  in  the 
first  instance,  the  crystals  were  elongated  and  formed  into  fibres  by 
rolling.  He  had  had  an  opportunity  of  seeing  the  new  rolling  mill 
at  work  a  few  days  previously,  and  had  certainly  never  seen  any 
machinery  better  adapted  for  the  purpose  in  view.  With  a  flywheel 
of  40  or  50  tons  weight,  reversing  would  have  been  impracticable, 
because  it  could  not  have  been  stopped  in  time  without  destroying 
the  machinery ;  but  by  getting  rid  of  all  that  enormous  mass  in 
motion  the  rolls  could  now  be  reversed  with  the  greatest  facility. 
The  reversing  mill  was  an  important  move  in  the  right  direction, 
establishing  a  new  method  in  the  manufacture  of  both  iron  and 
steel,  in  consequence  of  which  he  had  no  doubt  that  they  would  be 
manufiwstured  at  a  much  lower  cost  than  heretofore. 

Mr.  Ramsbottom  observed  that  one  source  of  saving  would  be 
that  the  work  was  got  over  more  rapidly  in  the  reversing  rolling 
mill.  With  regard  to  the  principle  introduced  by  Mr.  Nasmyth  of 
applying  steam  direct  to  the  work  to  be  performed,  as  in  the  present 
instance,  it  might  be  remarked  that  this  principle  was  srradualh 
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the  new  rolling  mill,  there  would  be  considerable  waste  in  shearing 
the  plate  square ;  but  if  the  tightening-down  screws  were  under 
independent  control,  they  could  be  so  managed  as  to  bring  up  the 
wasted  portion  in  rolling,  so  that  the  plate  would  not  be  wasted  in 
shearing  afterwards.  On  these  accounts  he  thought  it  was  preferable 
to  have  the  tightening-down  screws  independent  of  each  other, 
instead  of  gearing  them  together. 

Mr.  Ramsbottom  said  no  difficulty  such  as  was  referred  to  had 
been  experienced  with  the  tightening-down  screws  geared  together. 
In  rolling  plates  it  was  customary  to  pass  the  bloom  through 
sideways  in  the  first  instance,  which  made  it  uniform  in  thickness 
throughout  its  entire  breadth,  so  that  any  waste  in  the  fdmace 
would  be  corrected  by  this  process  ;  and  it  was  then  turned  round 
and  finished  for  length.  The  rolls  not  being  made  quite  parallel, 
but  rather  larger  in  diameter  at  the  middle,  any  minor  errors  were 
met  by  going  a  little  nearer  to  one  end  or  the  other  of  the  rolls  ; 
and  if  more  serious  errors  were  ever  occasioned  by  iiTCgular  heating 
in  the  furnace,  he  thought  there  should  be  a  change  in  the 
management  of  the  iurnace,  rather  than  working  the  tightening- 
down  screws  separately. 

Mr.  W.  Yule  said  he  had  had  many  years'  experience  in  working 
rolls  in  which  the  tightening-down  screws  were  geared  together, 
and  he  had  never  met  with  any  difficulty  arising  from  that  plan. 

Mr.  H.  Maudslay  observed  that  in  rolling  angle  iron  or  bar  iron 
in  an  ordinary  rolling  mill,  where  the  rolls  ran  constantly  in  the 
same  direction,  it  was  the  practice  to  turn  the  iron  over  in  passing 
it  back  over  the  top  roll,  so  that  the  scale  might  be  well  knocked 
off  before  entering  it  again  between  the  rolls.  But  in  passing  a 
heat  backwards  and  forwards  alternately  through  the  reversing 
rolls,  the  scale  would  remain  where  it  ^vas  on  the  iron ;  and  he 
enquired  whether  the  old  plan  would  not  have  an  advantage  in  this 
respect,  by  allowing  of  the  iron  being  turned  over  and  cleared  from 
scale  between  each  passage  through  the  rolls. 

Mr.  RAMSBdTTOM  replied  that  they  had  not  as  yet  rolled  any 
angle  iron  in  the  reversing  rolling  mill ;  but  in  rolling  plates  no 
difference  was  found  between  one  side  of  a  plate  and  the  other, 
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as  regarded  scale.  The  large  plates  were  not  turned  over  during 
rolling,  but  the  scale  fell  away  freely  from  the  lower  side,  and  was 
always  brushed  off  from  the  upper  side  with  a  broom  between  each 
passage  through  the  rolls. 

The  President  thought  the  improvements  described  in  the  paper 
that  had  been  read  were  well  worthy  of  being  generally  adopted  in 
rolling  mills ;  and  he  moved  a  vote  of  thanks  to  Mr.  Bamsbottom 
for  his  paper,  which  was  passed. 


The  Meeting  was  then  adjourned  to  the  following  day.  In  the 
afternoon  the  Members  were  conveyed  by  special  free  train,  by  the 
kindness  of  the  London  and  North  Western  Railway  Company, 
to  Crewe,  to  visit  the  Steel  Works  of  the  London  and  North 
Western  Railway,  where  they  were  shown  by  Mr.  Ramsbottom  the 
manufacture  of  steel  by  the  Bessemer  process,  and  the  manufacture 
of  steel  tyres ;  and  also  the  operation  of  rolling  plates  in  the 
reversing  rolling  mill  described  at  the  meeting. 


129 


The  Adjourned  Meeting  of  the  Members  was  held  in  the  Lecture 
Theatre,  Mechanics'  Institution,  David  Street,  Manchester,  on 
Wednesday,  1st  August,  1866;  Joseph  Whitwortu,  Esq.,  President, 
in  the  Chair. 


The  following  paper,  by  Mr.  Edward  B.  Marten,  of  Stourbridge, 
Engineer  of  the  Midland  Steam  Boiler  Association,  was  read : — 
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ON  STEAM  BOILER  EXPLOSIONS  AND  THEIR  RECORDS, 
AND  ON  INSPECTION  AS  A  MEANS  OF  PREVENTION. 


By  Mr.  EDWAED  B.  MARTEN,  of  Stourbridge. 


The  subject  of  Steam  Boiler  Explosions,  whicli  was  bronglit  before 
this  Institution  in  June  1848  in  a  paper  by  tbe  late  Mr.  William 
Smith  of  Dudley  in  reference  to  an  explosion  near  that  place,  and 
again  in  1859  in  a  paper  by  Mr.  Longridge  on  the  economy  and 
durability  of  stationary  boilers,  is  one  of  great  importance  and  is 
now  attracting  increased  attention.  The  first  public  notice  of  the 
subject  was  by  a  parliamentary  committee  in  1817,  which  was 
appointed  in  consequence  of  a  very  fatal  boiler  explosion  in  London 
in  1815 ;  evidence  was  then  collected  as  to  steamboats,  and  many 
boiler  explosions  were  referred  to.  That  committee  recommended 
among  other  things  that  boilers  should  be  made  of  wrought  iron, 
instead  of  cast  iron  or  copper,  which  had  been  the  materials  mainly 
used  previously ;  that  they  should  be  inspected  and  tested ;  and 
that  there  should  be  two  safety  valves,  each  loaded  to  one  third  of 
the  test  pressure,  under  penalties  for  any  excess.     A  great  part  of 
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When  the  writer's  attention  was  first  directed  to  this  subject, 
he  met  with  great  difficulty  in  obtaining  correct  records  of  boiler 
explosions,  jfrom  which  to  arrive  at  the  results  of  past  experience ; 
and  wishing  to  base  his  own  opinion  on  facts,  rather  than  on  the 
inferences  of  others  however  reliable,  he  followed  the  example  of 
the  Franklin  Institute  in  their  elaborate  investigation  of  the  subject, 
and  collected  all  the  records  he  could  find;  and  by  way  of 
facilitating  reference,  arranged  an  index,  a  manuscript  copy  of 
which  is  presented  with  the  present  paper  to  the  Library  of  this 
Institution.  All  must  be  agreed  as  to  the  importance  of  reliable 
information  on  such  accidents  as  boiler  explosions ;  and  the 
writer  would  suggest  that  this  Institution  may  materially  aid  in 
obtaining  the  desired  records  and  placing  them  within  easy 
access,  by  becoming  the  depository  of  reports  on  explosions,  and  by 
inducing  those  who  have  the  opportunity  to  forward  copies  of 
reports,  that  these  may  be  arranged  so  as  to  be  easily  found  and 
consulted.  It  is  very  desirable  that  these  reports  should  as 
far  as  possible  be  illustrated  by  sketches,  as  aids  to  the 
description ;  and  also  by  slight  models  like  those  now  shown  to  the 
meeting,  by  which  the  whole  matter  may  be  seen  at  a  glance.  So 
few  persons  comparatively  have  the  opportunity  of  examining 
boilers  afber  explosion,  that  the  most  erroneous  ideas  have  prevailed, 
and  theories  have  been  advanced  which  would  soon  be  dissipated 
by  practical  experience  or  by  reading  accurate  reports.  It  would 
also  very  much  aid  in  the  understanding  of  published  matter  on  the 
subject,  if  fall  descriptions  of  each  case  alluded  to  in  illustration 
could  be  obtained.  These  records  are  as  useful  to  the  engineer  as 
the  "precedents"  or  "cases"  to  the  lawyer  or  the  surgeon. 
After  any  serious  explosion  the  newspapers  of  the  neighbourhood 
in  which  it  has  occurred  contain  voluminous  articles  describing 
the  disastrous  result  and  the  damage  done,  which,  although 
useful  as  far  as  they  go,  do  not  in  the  least  assist  in  arriving  at 
the  cause  of  explosion.  The  really  important  particulars,  such  as 
the  description  and  construction  of  the  boiler,  its  dimensions, 
and  the  pressure  at  which  it  worked,  are  in  most  cases  omitted 
altogether. 
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The  record  of  explosions  presented  to  tlie  Institution  contains 
a  list  of  the  boiler  explosions  in  each  year  of  the  present 
century,  as  far  as  known  to  the  writer,  with  the  names  of  the 
places,  and  the  description  and  sizes  of  the  boilers,  and  the 
supposed  cause  of  explosion,  together  with  references  to  the  books 
or  papers  from  which  farther  information  may  be  obtained.  Of 
course  many  of  the  explosions  have  to  be  put  down  as  uncertaia 
in  some  of  the  particulars ;  but  every  year  improves  the  record, 
as  fresh  information  is  obtained,  and  with  the  assistance  of 
the  members  of  this  Institution  it  might  be  made  far  more  perfect 
and  extensive. 


The  total  number  of  explosions  here  recorded  is  1046,  and  they 
caused  the  death  of  4076  persons  and  the  injury  of  2903.  The 
causes  assigned  for  the  several  explosions  are  very  numerous,  and 
are  no  doubt  incorrect  in  many  cases ;  but  they  may  be  generally 
stated  as  follows : — 
397  are  too  uncertain  to  place  under  any  heading ;  but  of  the  rest 
145  were  from  the  boilers  being  worn  out,  or  from  corrosion,  or 

from  deteriorated  plates  or  rivets. 
137  from  over  pressure,   from  safety  valves   being   wedged    or 
overweighted,  in  some  cases  intentionally,  or  from  other 
acts  of  carelessness. 
fro 
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The  exploded  boilers  were  of  the  following  descriptions : — 
232  are  not  sufficiently  described  to  place  under  any  head  ;  but  of 

the  rest 
320  were  Marine  boilers  of  various  forms. 
141  were  Cornish,  Lancashire,  or  other  boilers  internally  fired. 
120  were  Locomotive,  or  other  multitubular  boilers. 
116  were  plain  Cylindrical  boilers,  externally  fired. 
64  were   Balloon  or  haystack,  wagon,  Butterley,  British-tube, 

elephant,  or  Trevithick  boilers. 
29  were  Portable,  agricultural,  upright,  or  crane  boilers. 
14  were  Heating  apparatus  or  kitchen  boilers. 
10  were  Upright  boilers  attached  to  puddling  or  mill  furnaces  at 
ironworks. 


1046  total  number  of  explosions. 

The  theories  as  to  the  causes  of  explosion  have  been  numerous. 
In  the  early  days  of  the  steam  engine,  when  the  steam  was  used 
only  as  a  condensing  mediom  and  the  pressure  in  the  boiler  was 
frequently  allowed  to  get  below  atmospheric  pressure,  many  boilers 
were  destroyed  by  the  excess  of  the  external  atmospheric  pressure 
becoming  too  great,  causing  them  to  be  collapsed  or  crumpled  up  ; 
and  this  led  to  the  use  of  the  atmospheric  valve  still  found  on  old 
boilers.  Even  so  lately  as  last  year  a  boiler  in  the  neighbourhood 
of  Bury,  Lancashire,  has  sufltered  in  this  way  by  collapse  from 
external  pressure ;  its  appearance  after  the  accident  is  shown  in 
Fig.  4,  Plate  43,  which  is  copied  from  a  photograph.  The  early 
explosions  were  so  palpably  due  to  the  weakness  of  the  boilers, 
which  compared  with  those  of  the  present  day  were  most  ill 
constructed,  that  no  one  thought  of  any  other  cause  than  the 
insufficient  strength  of  the  vessel  to  bear  the  expansive  force  of  the 
steam  contained  in  it.  When  the  advantages  of  high-pressure  steam 
became  recognised,  and  the  boilers  were  improved  so  as  to  bear  the 
increased  strain,  the  tremendous  havoc  caused  by  an  explosion  led 
many  to  think  that  something  more  must  be  required  than  the 
expansive  force  of  the  steam  to  produce  such  an  effect ;  and  they 
appear   to   have  attributed  to  steam  under  certain  conditions  a 
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detonating  force,  or  a  sudden  access  of  expansive  power  that 
overcame  all  resistance.  To  support  this  somevrhat  natural 
supposition,  it  was  asserted  that  the  steam  became  partially 
decomposed  into  its  constituent  gases,  forming  an  explosive  mixture 
within  the  boiler.  That  this  belief  is  still  sometimes  entertained  is 
seen  from  the  verdict  of  a  jury  even  in  the  present  year,  in  the  case 
of  the  explosion  of  a  plain  cylindrical  boiler  at  Leicester,  shown  in 
Fig.  18,  Plate  46,  the  real  cause  of  which  appears  to  have  been 
that  the  shell  of  the  boiler  was  weakened  by  the  manhole.  It 
seems  hardly  necessary  to  point  out  the  fallacy  of  imagining 
decomposition  and  i-ecomposition  of  the  steam  to  take  place  in 
succession  in  the  same  vessel  without  the  introduction  of  any  new 
element  for  causing  a  change  of  chemical  combination ;  but  it  is 
necessary  to  refer  to  this  supposition,  as  the  idea  is  shown  to  be 
not  yet  extinct. 

Again  it  has  been  asserted  that  the  steam  when  remaining  quite 
still  in  the  boiler  becomes  heated  much  beyond  the  temperature  due 
to  the  pressure  ;  and  that  therefore  when  it  is  stirred  or  mixed  or 
brought  more  in  contact  with  the  water  by  the  opening  of  a  valve 
or  other  cause,  the  water  evaporates  so  rapidly  as  to  produce  an 
excessive  pressure  by  accumulation  of  steam.  In  support  of  this  view 
the  frequency  of  explosions  upon  the  starting  of  the  engine  after  a 
short  stand  is  adduced ;  but  it  is  very  doubtful  whether  by  this  means 
a  sufficient  extra  pressure  could  be  produced  to  cause  an  exxAc 
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The  most  important  points  to  find  out  in  connection  with  any 
explosion  are  the  condition  of  the  boiler  and  all  belonging  to  it 
immediately  before  the  explosion,  together  with  the  locality  of  the 
first  rent,  the  direction  of  the  line  of  rupture,  and  the  nature  of  the 
firacture ;  as  everything  occurring  after  the  instant  of  the  first  rent  is 
an  effect  and  not  a  cause  of  explosion.  As  soon  as  the  first  rent  hks 
taken  place,  the  balance  of  strain  in  the  fabric  is  disturbed,  and 
therefore  the  internal  pressure  has  greatly  increased  power  in 
continuing  the  rupture ;  and  also  the  pressure  being  then  removed 
from  the  surface  of  the  water,  which  is  already  heated  to  the 
temperature  of  the  steam,  the  whole  body  of  the  water  gives  out  its 
heat  in  the  form  of  steam  at  a  considerable  pressure,  and  thus 
supplies  the  volume  of  steam  for  carrying  on  the  work  of 
destruction.  When  thus  quickly  generated,  the  steam  perhaps 
carries  part  of  the  water  with  it  in  the  same  way  that  it  does  in 
ordinary  priming;  and  it  has  been  thought  by  some  that  the 
impact  of  the  water  is  thus  added  to  that  of  the  steam,  to  aid  in 
the  shock  given  to  all  surrounding  obstacles. 

It  is  seldom  that  one  out  of  a  bed  of  boilers  explodes  without 
miore  or  less  injury  to  the  others  on  either  side  of  it ;  but  sometimes 
two  boilers  in  one  bed,  or  three,  or  even  five,  have  exploded 
simultaneously. 

The  causes  of  boiler  explosions  may  be  considered  under  the  two 
genefti  heads  of — 

Firstly,  faults  in  the  fabric  of  the  boiler  itself  as  originally 
constructed,  such  as  bad  shape,  want  of  stays,  bad  material, 
defective  workmanship,  or  injudicious  setting: — and 

Secondly,  mischief  arising  during  working,  either  from  wear  and 
tear,  or  from  overheating  through  shortness  of  water  or  accumulation 
of  scurf;  or  from  corrosion,  in  its  several  forms  of  general  thinning, 
pitting,  furrowing,  or  channelling  of  the  plates ;  or  from  flaws  or 
fructures  in  the  material,  or  injury  by  the  effect  of  repeated  strain ; 
or  from  undue  pressure  through  want  of  adequate  arrangements 
for  escape  of  surplus  steam. 
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There  is  no  doubt  that  many  of  the  early  explosions  were  from 
faults  of  construction.  The  stronger  materials  now  used  were  then 
found  so  difficult  to  manipulate  that  others  easier  to  work  were 
chosen,  and  ofben  the  shape  of  the  boiler  was  only  selected  as  the  one 
easiest  to  make.  The  early  boilers  were  made  of  copper  or  cast 
iron,  with  leaden  or  even  wooden  tops,  and  of  the  weakest  possible 
shape.  Such  was  the  boiler  used  by  8a very,  shown  in  Fig.  40,  Plate  51, 
and  the  Tun  boiler  and  Flange  boiler.  Figs.  41  and  42.  The  very 
fatal  explosion  in  London  in  1815,  referred  to  by  the  parliamentary 
commission  previously  named,  was  of  a  cast-iron  boiler,  which  failed 
because  one  side  was  too  thin  to  bear  the  pressure,  as  the  casting  was 
of  irregular  thickness.  The  steam  being  at  that  time  used  only 
at  or  below  atmospheric  pressure  as  a  means  of  obtaining  a 
vacuum  by  condensation  for  working  by  the  external  pressure  of 
the  atmosphere,  so  little  was  pressure  of  the  steam  thought  of 
that  boilers  were  proposed  and  it  is  believed  were  actually 
constructed  with  hooped  wooden  shells,  like  barrels,  and  internal 
fireplaces  and  flues  of  copper ;  and  even  a  stone  chamber  was 
named  as  being  a  suitable  shell  for  a  boiler,  with  internal 
fireplace  and  copper  flue  passing  three  times  the  length  of  the  inside 
and  out  at  the  top,  like  an  ordinary  stove  and  piping.  These 
boilers  must  have  been  something  like  the  sketches  given  in 
Figs.  44  and  45,  and  were  intended  to  be  exposed  only  to  the 
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proportionately  tliinner ;  as  in  Woolf  s  boiler,  so  mnch  spoken  of  in 
the  evidence  before  the  parliamentary  committee  of  181 7.  This  boiler, 
shown  in  Fig.  47,  consisted  of  nine  cast-iron  pipes,  about  1  foot 
diameter  and  9  feet  long,  set  in  brickwork  so  that  the  flame  pl$.yed 
all  round  them.  These  small  tubes  were  connected  with  another 
of  larger  size  placed  transversely  above  them,  forming  a  steam 
receiver,  and  this  again  with  a  still  larger  one,  which  formed  a 
steam  chamber.  No  details  of  any  explosions  of  the  three  last 
mentioned  boilers  have  been  obtained ;  but  it  is  known  that  the 
cast  iron  was  found  a  most  treacherous  material,  especially  when 
exposed  to  the  action  of  the  fire ;  and  that  the  effect  of  explosion 
was  very  disastrous,  because  the  boiler  burst  at  once  into  many 
pieces,  each  of  which  was  driven  out  with  great  velocity,  and  the 
danger  was  not  mitigated  by  the  circumstance  of  large  masses 
holding  together,  as  is  found  to  be  the  case  with  wrought-iron 
boilers  when  exploded. 

When  wrought-iron  boilers  came  into  use  the  shapes  were  most 
varied,  and  the  dimensions  much  larger  than  before.  One  of  the 
earhest  was  the  Wagon  boiler,  shown  in  Fig.  48,  Plate  52,  with  round 
top  and  plain  flat  sides,  which  could  only  be  made  to  bear  even  the 
smallest  pressure  by  being  strengthened  with  numerous  stays.  In 
most  cases  of  explosion  of  this  class  of  boiler  the  bottom  was 
torn  off,  owing  to  the  angle  iron  round  it  being  weakened  by  the 
alternate  bending  backwards  and  forwards  under  each  variation  of 
pressure,  as  all  the  sides  and  the  bottom  must  be  constantly 
springing  when  at  work.  Such  was  the  explosion  at  Chester  in 
1822,  and  many  others.  This  shape  was  soon  improved  in  its  steam 
generating  powers  by  making  the  sides  concave  instead  of  flat,  as 
shown  in  Fig.  49,  so  that  the  heating  surface  was  greater  and  also 
in  a  better  position  to  receive  the  heat  from  the  flame  in  the  flues. 
This  shape  was  further  elaborated  by  rounding  the  ends,  as  in  Fig.  50, 
and  in  some  cases  making  the  bottom  convex  to  correspond  with  the 
top,  as  in  Fig.  51.  All  these  forms  however  still  required  numerous 
stays  to  retain  them  in  shape,  the  safety  of  the  boiler  being 
dependent  upon  the  stays ;    and  numerous   explosions   show  the 
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weakness  of  these  boilers.  They  generally  gave  way  at  the  bottom, 
as  in  an  explosion  that  occurred  at  Manchester  in  1842,  where  the 
boiler  had  been  weakened  by  frequent  patching;  they  also 
sometimes  exploded  through  the  failure  of  the  stays. 

A  very  early  improvement  in  the  right  direction  consisted  in 
making  the  shell  circular ;  and  some  few  large  boilers  still  exist  that 
were  made  completely  spherical,  as  shown  in  Fig.  52,  so  that  the  whole 
of  the  iron  was  exposed  to  tension  only,  and  required  no  assistance 
from  stays,  and  the  boiler  had  no  tendency  to  alter  its  shape  under 
varying  pressure.  This  shape  however  had  the  great  disadvantage 
of  possessing  the  least  amount  of  heating  surface  for  its  size  or  cubic 
contents  ;  and  also  it  was  very  liable  to  injury  from  sediment  on  the 
bottom,  which  accumulated  on  the  most  central  spot.  The  spherical 
form  was  therefore  soon  modified  into  the  shape  shown  in  Pig.  53, 
by  making  the  bottom  more  shallow,  although  still  convex;  and 
afterwards  by  putting  flat  or  concave  sides  and  a  flat  or  concave 
bottom,  with  the  angle  constructed  either  of  bent  plates  or  angle 
iron,  as  in  Figs.  54  and  55,  which  represent  the  forms  known  so  well 
in  the  Staffordshire  district  as  the  common  Balloon  or  Haystack 
boiler.  Many  of  these  have  been  made  of  very  great  size,  measuring 
as  much  as  20  feet  diameter,  and  containing  so  much  water  and  steam 
as  to  be  most  formidable  magazines  for  explosion.  Perhaps  no  form 
of  boiler  has  exploded  more  than  this,  partly  because  of  the  great 
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Notwithstanding  the  dependence  of  these  boilers  upon  stays  for 
their  strength,  many  have  been  made  as  large  as  12  and  16  feet 
diameter  without  stays ;  and  explosion  sooner  or  later  has  been  the 
consequence.  Such  was  an  explosion  that  took  place  at  Smethwick 
in  1862,  which  is  shown  in  Fig.  6,  Plate  43.  As  the  force  of  the 
explosion  was  only  slight,  the  effect  of  the  bottom  giving  way,  and 
the  consequent  rolling  over  caused  by  the  reaction  of  the  issuing 
steam  and  water,  is  clearly  seen.  Another  example  that  occurred 
at  Wednesbury  in  1862  is  shown  in  Fig.  1,  where  the  explosion  was 
rather  more  violent,  the  bottom  of  the  boiler  being  torn  off  all  round 
and  left  upon  the  firegrate,  and  rent  nearly  into  two  pieces ;  while 
the  top  and  sides  were  thrown  some  height  in  one  mass,  and  were 
only  put  out  of  shape  by  the  fall.  The  weakness  of  this  boiler  had 
been  ftirther  increased  by  making  the  bottom  angle  of  angle  iron,  as 
shown  enlarged  in  Fig.  2,  with  a  ring  of  flat  plate  A  interposed 
between  the  angle-iron  ring  and  the  concave  bottom  of  the  boiler  ; 
so  that  all  the  effect  of  the  springing  of  the  bottom,  as  shown  by  the 
dotted  lines,  was  thrown  upon  the  angle  iron,  which  was  accordingly 
found  cut  off  all  round.  Had  the  concave  bottom  been  made  to  rise 
direct  from  the  angle  iron,  as  in  Fig.  3,  the  springing  could  not 
have  been  so  great,  and  the  angle  iron  would  only  have  had  to  stand 
the  shearing  strain  of  retaining  in  its  place  the  rigid  bottom ;  but  as 
about  one  foot  all  round  the  bottom  was  flat,  and  the  concavity  was 
only  in  the  central  part,  the  angle-iron  ring  had  to  bear  an  up  and 
down  strain,  as  shown  by  the  dotted  lines  in  Fig.  2,  and  the 
bending  action  was  more  severe  than  it  would  have  been  if  the 
bottom  had  even  been  made  quite  flat  all  over. 

A  farther  form  of  the  Balloon  boiler  is  shown  in  Fig.  66,  Plate  63, 
where  the  heating  surface  of  the  bottom  is  increased  by  an  internal 
central  dome-shaped  fireplace,  with  an  arched  and  curved  flue 
conducting  the  flame  through  one  revolution  within  the  boiler  before 
passing  again  round  the  outside.  This  construction  however  must 
necessarily  have  diminished  the  strength  of  the  boiler  greatly.  In 
the  drawing  the  top  of  the  boiler,  as  indicated  by  the  dotted  lines, 
is  removed  to  show  the  interior. 
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The  desire  to  add  to  tlie  strengtli  of  boilers  by  lessening  the 
diameter  of  the  shell  led  to  the  construction  of  the  Plain  Cylindrical 
boilers.  They  were  made  first  with  flat  ends  of  cast  iron,  which 
frequently  cracked  and  gave  way  when  exposed  to  the  fire,  as 
described  in  many  of  the  early  American  explosions.  The  flat  ends 
when  made  of  wrought  iron,  as  shown  in  Fig.  57,  Plate  53,  are 
exposed  to  the  same  strain  as  the  bottom  of  the  balloon  and  wagon 
boilers,  and  are  constantly  springing  with  variation  of  pressure  like 
drum  heads,  causing  injury  to  the  angle-iron  joint.  They  also 
require  long  stays  through  them  to  hold  in  the  ends,  and  these  are 
subject  to  so  much  vibration  that  they  seldom  continue  sound 
for  long  together,  especially  when  joined  with  forked  ends  and 
cotters. 

As  the  flat  ends  of  such  boilers  are  always  being  sprung  by  each 
alternation  of  pressure  into  a  more  or  less  spherical  shape,  as  shown 
by  the  elastic  model  exhibited,  this  consideration  no  doubt  led  to 
the  ends  being  made  hemispherical,  as  shown  in  Fig.  58 ;  and  plain 
cylindrical  boilers  with  these  hemispherical  ends  are  now  so 
commonly  used  that  they  far  outnumber  any  other  form  of  boiler. 
Their  shape  renders  them  very  strong,  as  the  whole  of  the  iron  is  in 
simple  tension,  and  internal  pressure  has  no  tendency  to  alter  the 
shape,  as  is  shown  by  the  elastic  model  exhibited.  There  is  one 
circumstance  very  much  in  favour  of  the  plain  cylindrical  boilers,  and 
that  is  that  they  can  be  so  easily  cleaned  and  repaired,  as  a  man  can 
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therefore  be  better  to  have  a  succession  of  short  boilers,  rather  than 
only  a  single  one,  where  great  length  is  required. 

One  boiler  has  been  seen  by  the  writer  where  extreme  length 
was  avoided  by  curling  the  boiler  round  until  the  ends  met, 
forming  a  Ring  or  Annular  boiler.  This  boiler  is  shown  in  Fig.  59, 
Plate  63,  and  is  6  feet  diameter  with  25  feet  external  diameter 
of  the  ring,  or  a  mean  length  of  about  63  feet ;  it  has  been  found  to 
work  well  for  some  years,  although  exposed  to  the  heat  of  six 
puddling  furnaces. 

Explosions  of  plain  cylindrical  boilers  have  been  very  frequent 
indeed,  although  they  have  not  caused  a  proportionate  number  of 
deaths,  because  they  work  usually  in  isolated  positions  at  colUery  and 
mine  engines.  The  sketch  shown  in  Fig.  6,  Plate  44,  represents 
an  explosion  that  occurred  at  Darlaston  in  1863,  and  illustrates  the 
way  in  which  these  boilers  usually  explode.  They  generally  open  first 
at  a  longitudinal  seam  over  the  fire,  which  has  become  deteriorated 
by  accumulations  of  scurf  preventing  proper  contact  of  the  water, 
so  that  the  plates  become  overheated,  their  quality  injured,  their 
edges  cracked  or  burnt,  and  the  rivets  drawn  or  loosened.  The  rent 
generally  continues  in  the  longitudinal  direction  to  the  sound  seam 
beyond  the  bridge  at  the  one  end,  and  at  the  other  end  to  the  seam 
joining  the  front  end  to  the  shell ;  and  then  runs  up  each  of  the 
transverse  seams,  allowing  the  rent  part  of  the  shell  to  open  out  flat 
on  both  sides,  and  liberating  both  ends  of  the  boiler,  which  fly  off*  in 
opposite  directions.  Of  course  it  is  seldom  that  an  explosion  is  quite 
so  simple  as  this,  as  the  direction  of  the  flight  of  the  various  pieces  is 
so  much  influenced  by  the  last  part  that  held  in  contact  with  the 
main  body  of  the  boiler.  The  want  of  due  observation  of  this  point 
has  often  led  to  erroneous  conclusions. 

In  the  explosion  -shown  in  Fig.  7,  Plate  44,  and  in  the  model 
exhibited,  which  occurred  at  Westbromwich  in  1864,  the  lower 
part  of  the  side  of  an  upright  boiler  was  blown  out;  and  the 
liberated  part  was  also  divided  into  two  pieces,  each  of  which  fell 
some  distance  behind  the  boiler,  in  an  opposite  direction  to  the  side 
from  which  they  came.  The  explanation  of  this*  became  obvious  on 
examination,  as  the  cause  of  the  rupture  had  been  the  corrosion  of 
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the  bottom,  and  the  rent  had  mn  np  the  seams  nntil  it  met  the 
angle  iron  of  the  side  tubes,  round  which  it  ran  to  the  first  seam 
above.  This  seam  acted  as  a  hinge  on  which  the  ruptured  pieces 
turned,  and  they  swung  round  so  violently  that  they  were  wrenched 
off,  but  not  before  they  had  pulled  the  boiler  over  and  received  the 
diverting  force  which  gave  them  their  direction,  for  they  flew  off 
at  a  tangent  to  the  circle  in  which  they  had  swung  round  on  the 
sound  upper  seam  as  upon  a  hinge. 

In  order  to  avoid  having  a  large  diameter  for  plain  cylindrical 
boilers,  especially  where  exposed  to  the  fire,  boilers  have  been  used 
that  have  supplied  the  required  steam  power  by  a  combination  of 
several  cylinders  of  small  diameter.  One  of  these,  known  as  the 
Elephant  boiler,  has  been  so  much  used  in  France  that  it  is 
sometimes  called  the  French  boiler ;  it  is  shown  in  Fig.  61,  Plate  53, 
and  consists  of  two  cylinders  of  small  diameter  connected  by  upright 
conical  tubes  to  a  large  cylinder  above.  Another  form  called  the 
Retort  boiler,  shown  in  Fig.  60,  has  been  described  at  a  previous 
meeting  of  this  Institution  (see  Proceedings  Inst.  M.  E.  1865 
page  191).  The  disadvantages  of  these  two  combinations  of  plain 
cylinders  are  that  they  are  not  easy  to  clean  or  examine  internally, 
and  also  there  is  not  free  exit  for  the  steam,  which  has  to  find  its 
way  along  small  channels,  and  carries  the  water  away  with  it, 
causing  priming,  and  also  retarding  the  generation  of  steam  and 
endangering  the  boiler  plates.    With  a  view  to  strengthen  the  plain 
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boiler :  in  Fig.  64  two  tubes  pass  from  the  sides  to  tbe  front :  in 
Fig.  66  the  tube  passes  from  the  back,  but  returns  over  the  fire  and 
passes  again  to  the  back:  and  in  Fig.  65  a  tube  from  the  back 
passes  out  through  a  cross  tube  in  each  side.  The  boilers  in  all 
these  cases  are  fired  externally.  This  addition  of  tubes  has  tended 
very  much  to  increase  the  size  of  these  boilers  in  order  to  make 
room  for  the  tubes.  These  boilers  are  now  found  of  9^  10,  and  even 
11  feet  diameter;  and  this  large  shell  being  fired  externally  is 
exposed  to  the  same  dangers  as  those  described  in  the  plain 
cylindrical  boiler,  while  it  is  not  so  easy  to  keep  clean  on  account 
of  the  obstruction  offered  by  the  internal  flues.  When  the  flame 
has  passed  under  the  whole  length  of  the  bottom  of  these  large 
boilers  before  going  through  any  tube,  it  is  doubtful  whether  the 
heating  surface  of  the  tube  helps  much  in  the  generation  of  steam  ; 
but  the  tube  is  of  use  in  reducing  the  quantity  of  water  in  the 
boiler,  as  it  occupies  a  considerable  space. 

Explosions  of  these  boilers  have  sometimes  taken  place  by 
collapse  of  the  tubes,  but  much  more  generally  by  the  failure  of  the 
shell  over  the  fire,  as  shown  in  the  sketch  Fig.  8,  Plate  44, 
representing  an  explosion  that  occurred  at  Wolverhampton 
in  1865,  in  which  the  first  rent  took  place  in  a  seam  over 
the  fire  where  frequent  repair  had  led  to  a  considerable  length 
of  longitudinal  seam  being  in  one  continuous  line.  The  four 
plates  over  the  fire  parted  and  opened  out  until  they  had  ripped 
two  seams  completely  round  the  boiler;  and  the  plates  were 
thrown  in  one  flat  piece,  as  shown,  upon  a  bank  behind.  The 
main  body  of  the  boiler  with  the  tubes  was  turned  over,  and  the 
front  end  blown  away. 

A  modification  or  amalgamation  of  several  of  the  forms  of  boilers 
already  mentioned  led  to  the  construction  known  as  the  Butterley 
boiler,  shown  in  Fig.  72,  Plate  55,  with  a  wagon-shaped  end  over 
the  fire,  continued  in  a  single  tube  within  a  plain  cylindrical  shell 
beyond.  This  boiler  has  been  found  to  generate  steam  very  rapidly  • 
but  the  extreme  weakness  of  the  construction  over  the  fire  and  along 
the  tube,  especially  at  the  part  where  the  front  end  of  the  tube  widens 
out  in  a  bell  mouth  to  meet  the  wagon-topped  fireplace,  has  led  to 
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SO  many  explosions  that  few  boilers  are  now  made  of  this  form.  A 
very  early  explosion  that  occurred  at  Edinburgli  in  1821  was  of  a 
boiler  somewhat  of  this  shape,  only  that  the  wagon-topped  fireplace 
was  much  longer.  Other  explosions  of  this  form  of  boiler  occurred 
at  Ashton-nnder-Lyne  in  1845,  at  Wolverhampton  in  1854,  and  at 
Tipton  in  1856. 


The  desire  to  economise  ftiel  led  to  placing  the  fire  inside  the 
boiler,  in  a  tube  running  from  end  to  end,  as  shown  in  Fig.  67 ^ 
Plate  54 ;  and  the  great  number  of  boilers  of  this  form  used  in 
Cornwall  gave  it  the  name  of  the  Cornish  boiler.  The  exceedingly 
good  duty  performed  by  these  boilers  led  many  to  believe  them  the 
most  perfect  for  economy  and  durability ;  but  the  great  number  of 
explosions,  or  more  properly  of  collapsed  flues,  that  have  happened, 
have  altered  this  opinion,  and  led  to  the  double-flue  boiler  shown  in 
Fig.  68,  in  which  not  only  is  the  heating  surface  increased  but  the 
strength  also,  by  having  two  tubes  of  smaller  diameter  in  the  same 
shell.  There  are  a  great  many  varieties  of  the  two-tube  boiler, 
which  have  been  made  for  the  purpose  of  obtaining  various  particular 
results.  In  some  cases  the  two  tubes  have  been  made  to  unite  into 
a  single  tube  immediately  behind  the  fires,  forming  what  is  known 
as  the  Breeches-tube  boiler,  as  shown  in  Fig.  69;  and  in  other 
instances  the  outside  shell  of  the  boiler  has  been  made  oval,  as 


BOILER  EXPLOSIONS.  145 

are  still  made  and  used  having  even  large  tnbes  without  the 
strengthening  rings  ;  and  in  some  districts  such  boilers  are  used  in 
great  numbers  and  at  h/r  higher  pressures  than  can  be  considered 
judicious.  In  more  than  one  bed  of  boilers  one  boiler  after 
another  has  exploded  by  the  collapse  of  the  tube  from  the  want 
of  strengthening  rings,  and  yet  these  have  still  been  believed 
unnecessary ;  and  the  cases  of  isolated  boilers  of  this  construction 
where  the  large  tubes  have  collapsed  are  extremely  numerous,  yet 
any  other  reason  than  the  weakness  of  the  tube  has  been  considered 
more  probable  as  the  cause  of  explosion.  A  sketch  of  a  boiler 
with  collapsed  flue  is  given  in  Fig.  11,  Plate  45,  which  exploded  at 
Burton-on-Trent  in  1865 ;  and  it  is  selected  from  many  others 
because  it  was  a  new  boiler,  well  made  and  mounted,  and  was  a  good 
example  of  the  weakness  of  a  large  tube  to  resist  high  external 
pressure  when  made  of  great  length  without  the  support  of 
strengthening  rings. 

There  are  a  great  many  advantages  in  the  tubular  boiler  internally 
fbred.  The  shell  which  is  exposed  to  the  greatest  tension  is  not  also 
exposed  to  the  flrst  action  of  the  fire.  The  fire  is  in  the  midst  of 
the  water,  so  that  the  greatest  effect  is  obtained  from  it ;  and  the 
heating  surface  immediately  over  the  fire,  from  which  most  steam 
is  generated,  has  not  so  great  a  depth  of  water  above  it  for  the 
steam  to  pass  through  as  in  the  externally  fired  boilers  heated  from 
the  bottom.  The  tubes  also  act  as  stays  to  the  ends ;  and  the  mud 
in  the  water  falls  off  the  tubes,  where  it  would  do  mischief,  and 
settles  on  the  bottom,  where  it  is  comparatively  harmless. 

These  tubular  boilers  are  however  subject  to  disadvantages 
peculiarly  their  own.  It  is  not  so  easy  to  move  about  within  them 
for  cleaning  and  examination  as  in  the  plain  cylindrical  boiler,  as 
the  tubes  fill  up  the  space  so  much.  The  difference  of  expansion 
between  the  highly  heated  tube  and  the  comparatively  cool  shell 
produces  a  strain,  which  causes  the  ends  to  bulge  out ;  or  if  the  ends 
are  made  rigid,  the  strain  sets  up  a  contortion  in  the  tube,  which 
causes  ftirrowing  of  the  plates  by  making  the  iron  softer  or  more 
susceptible  of  corrosion  in  certain  lines  of  strain.  Notwithstanding 
these  drawbacks  however  this  form  of  boiler  is  an  excellent  one. 
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Many  modifications  in  the  forms  of  boilers  have  been  made  to 
enable  the  manufacturers  to  use  the  waste  heat  from  various 
processes,  especially  from  the  making  of  iron.  The  plain  cylindrical 
boiler  has  been  used  in  this  way,  with  sometimes  as  many  as  eight 
puddling  furnaces  made  to  work  upon  one  boiler.  One  of  the 
earliest  special  arrangements  for  this  purpose  was  the  Upright 
boiler  with  central  tube,  shown  in  Fig.  73,  Plate  55,  which  was 
originally  made,  for  two  fiirnaces ;  and  about  7  feet  diameter  and 
16  feet  high.  The  size  has  since  been  increased  to  10  feet  diameter 
and  28  feet  high,  as  shown  in  Fig.  74.  These  boilers  are  made  for 
one, 'two,  three,  or  four  puddling  furnaces  ;  and  consist  of  a  cylinder 
with  spherical  ends,  standing  upright,  with  a  central  tube  from  the 
bottom  to  about  half  the  height,  into  which  the  side  tubes  join. 
The  heat  from  each  furnace  plays  over  a  portion  of  the  shell,  and 
then  passes  through  the  side  tubes  and  down  the  centre  tube 
into  the  underground  flue  fco  the  chimney. 

These  boilers  have  many  good  points  :  there  is  great  heating 
surface;  and  the  shell  being  heated  all  round  does  not  strain  the 
plates  and  seams  by  unequal  expansion  so  much  as  in  the  horizontal 
plain  cylindrical  boiler  heated  only  at  the  bottom ;  and  as  both  ends 
are  spherical  there  is  no  alteration  of  shape  under  internal  pressure. 
Moreover  in  consequence  of  the  upright  position  of  the  boiler 
a  safe  depth  of  water  can  easily  be  maintained,  and  yet  the  steam  is 
taken  off  so  high  above  its  surface  that  there  is  little  priming ;  and 
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Some  of  the  most  fatal  explosions  of  these  boilers  have  arisen  from 
careless  construction.  Such  was  the  case  in  an  explosion  at  Dudley 
in  1862,  shown  in  Fig.  9,  Plate  45,  where  the  crown  plate  forming 
the  top  of  the  centre  tube  was  attached  to  the  sides  of  the  tube  by 
so  slight  an  angle  iron,  as  shown  enlarged  in  Fig.  10,  that  the 
pressure  of  steam  on  the  flat  crown  plate  fairly  sheared  the  angle 
iron  through,  and  allowed  the  plate  to  be  blown  down  the  centre 
tube  into  the  chimney  flue,  whereupon  the  boiler  was  violently 
thrown  off*  its  seating  by  the  reaction  of  the  issuing  steam  and  water 
thus  liberated. 

The  double-tube  horizontal  boiler  is  also  used  in  connection  with 
iron-making  furnaces  in  many  places,  one  furnace  working  into  each 
tube.  Although  by  this  arrangement  the  boiler  can  be  placed  a 
Httle  further  from  the  workmen,  some  very  fatal  explosions  have 
happened  to  such  boilers,  as  at  Masborough  in  1862, 

Single-ftimace  boilers  have  been  much  used  in  the  form  of  a 
single-tube  boiler  standing  on  end,  as  shown  in  Fig.  75,  Plate  55, 
with  the  flame  passing  up  the  tube,  which  is  continued  in  the  form 
of  a  chimney  on  the  top  of  the  boiler.  The  tube  passes  through  the 
steam  at  the  top,  so  that  the  plate  is  not  protected  from  overheating 
by  contact  with  water ;  and  this  has  caused  explosion  in  some 
instances,  although  the  tube  has  been  lined  on  the  inside  with 
firebrick  to  shield  the  plate  from  the  flame.  Another  great 
disadvantage  of  this  Chimney  boiler  is  that  the  space  between  the 
tube  and  the  shell  is  so  narrow  that  it  is  almost  impossible  to 
examine  or  clean  it  internally. 

A  further  arrangement  for  a  single-furnace  boiler  is  the  Elbow 
boiler,  shown  in  Fig.  71,  where  the  two  difficulties  mentioned  in  the 
previous  boiler  are  avoided. 

Many  internally  fired  upright  boilers  of  various  shapes  have  been 
constructed  to  suit  various  purposes.  One  of  a  large  size  that  has 
been  at  work  many  years  is  shown  in  Fig.  76,  Plate  55,  with  an 
internal  fireplace  and  a  suspended  cone  and  cross  tube  for  increasing 
the  heating  surface.  This  boiler  is  set  in  brickwork  in  such  a  way 
that  the  heat  passes  through  the  side  tubes  and  round  the  exterior 
shell  before  going  off  to  the  chimney. 
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A  very  fatal  explosion  at  Stoke-upon-Trent  in  1863  resnlted  fipom 
an  attempt  to  work  a  boiler  of  somewhat  tlie  same  general  form,  but 
without  the  same  oareM  attention  to  the  details  of  construction. 
This  boiler  is  shown  in  Fig.  12,  Plate  45  ;  the  internal  fireplace  is  of 
conical  shape,  4  fb.  6  ins.  diameter  on  the  top  and  6  fb.  10  ins.  at 
bottom,  and  was  joined  to  the  external  shell  by  a  flat  annnlar  bottom. 
Almost  the  first  time  it  was  worked  at  high  pressure  the  conical 
fireplace  collapsed,  breaking  off  at  the  seam  at  the  top  of  the  cone, 
and  blowing  down  upon  the  grate,  as  shown  in  Fig.  13.  The  flat 
bottom  was  then  lefb  without  the  support  of  the  cone  and  side  tubes, 
and  gave  way  all  round  the  outside  angle  iron ;  and  the  top  flew  up 
a  great  height  into  the  air,  and  fell  a  crumpled  heap,  as  shown  in 
the  sketch.  In  this  case  the  only  wonder  is  that  a  boiler  of  such 
weak  construction  worked  at  all  without  explosion. 


There  yet  remains  to  be  noticed  a  very  large  and  varied  class  of 
boilers  that  have  been  designed  with  the  express  object  of  avoiding 
explosion.  Some  of  these,  made  of  cast-iron  pipes  of  small  diameter, 
have  already  been  referred  to.  When  steam  carriages  were  first 
constructed,  boilers  were  tried  made  of  a  cluster  of  small  pipes,  set 
both  upright  and  horizontally,  connected  with  a  general  receiver 
and  with  each  other  by  still  smaller  pipes.  These  were  found  to 
have  such  small  circulation  of  water  that  they  very  soon  burnt  out, 
and  also  led  to  much  priming.     Afterwards  narrow  chambers  made 
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this  paper,  as  they  are  fdllj  given  in  the  published  official  reports 
of  the  goyemment  inspectors. 

Among  the  forms  of  boilers  designed  to  obtain  very  rapid 
generation  of  steam,  combined  with  increased  safety  from  explosion, 
may  be  specially  named  that  consisting  of  a  system  of  small  pipes 
within  a  shell  with  an  artificial  circnlation  of  water,  and  also  the 
boiler  consisting  of  a  cluster  of  cast-iron  spheres,  both  of  which 
have  been  described  at  previous  meetings  of  the  Institution  (see 
Proceedings  Inst.  M.  B.  1861  page  30,  and  1864  page  61) ;  but 
neither  has  been  much  used  in  this  country  at  present.  The  boilers 
also  which  consist  chiefly  of  small  tubes  hanging  down  into  the  fire, 
with  smaller  tubes  or  other  arrangements  within  them  for  securing 
a  natural  circulation,  deserve  mention,  as  they  appear  successfrdly 
to  accomplish  that  end. 

The  principle  of  all  these  small  boilers  appears  to  be  that  only 
a  small  quantity  of  water  should  be  contained  in  them,  so  that  there 
should  not  be  a  reservoir  of  danger  in  the  shape  of  a  mass  of  highly 
heated  water  ready  to  be  converted  into  steam  if  a  rupture  takes 
place :  and  it  cannot  be  denied  that  this  is  an  advantage.  But  on  the 
other  hand  these  boilers  of  small  capacity,  which  evaporate  their 
whole  contents  in  a  few  minutes,  are  subject  to  new  dangers  from 
that  very  cause;  and  although  admirably  adapted  for  purposes 
where  steam  is  wanted  quickly  on  a  sudden  emergency,  as  in  the 
case  of  fire  engines,  or  where  the  generating  power  required  varies 
each  moment,  as  in  the  locomotive,  they  are  for  the  most  part  ill 
adapted  for  ordinary  stationary  purposes,  such  as  the  mill  or  the 
colliery.  They  require  constant  firing  and  vigilant  attention  to  the 
feed,  and  cannot  be  left  for  a  time  with  safety  Hke  the  ordinary 
stationary  boilers.  It  has  to  be  borne  in  mind  also  that  the  very 
reservoir  of  danger  so  much  dreaded  is  also  a  reservoir  of  power, 
which  assists  in  the  steady  maintenance  of  the  machinery  in  motion* 
The  large  mass  of  water  heated  to  the  evaporating  point,  the  heated 
brickwork  of  the  flues,  and  the  large  fireplace,  are  so  many  assistances 
to  regularity,  and  enable  the  man  in  charge  to  attend  to  his  other 
duties  without  the  risk  of  spoiling  the  boiler  or  letting  down  the 
steam  by  a  few  minutes'  absence  from  the  stoke  hole.     Steam 
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employers  are  found  at  present  to  prefer  the  known  dangers  of  the 
large  boilers  to  the  supposed  safety  of  small  boilers,  which  they 
fear  are  troublesome  in  practice. 

Many  of  the  early  boilers  were  rendered  weak  by  the  injudicious 
manner  of  arranging  the  seams.  The  longitudinal  seams  were  made 
in  a  continuous  line  from  end  to  end,  as  shown  in  Fig.  57,  with  the 
transverse  seams  also  continued  completely  round  the  boiler,  so 
that  at  the  corner  of  each  plate  there  were  four  thicknesses  of  iron. 
The  crossing  of  the  seams,  as  in  Fig.  58,  adds  much  to  the  strength, 
and  also  often  prevents  a  rent  from  continuing  forward  to  a 
dangerous  extent. 

It  is  scarcely  requisite  to  mention  the  necessity  of  good  material 
and  workmanship  to  secure  strength  in  a  boiler,  however  perfect 
the  design.  If  the  plates  are  of  weak  or  brittle  iron,  or  imperfectly 
manufactured,  they  will  never  make  a  good  boiler.  Apart  from  the 
strain  upon  the  boiler  when  at  work,  the  iron  has  to  undergo  the 
strain  of  the  necessary  manipulation,  shaping,  and  punching, 
during  the  construction  of  the  boiler.  If  the  plates  forming  the 
boiler  are  not  well  fitted  to  their  places  before  the  rivet  holes  are 
made,  the  errors  have  to  be  partially  rectified  by  using  the  drift  in 
the  holes  to  an  unwarrantable  extent,  and  then  using  imperfect 
rivets  to  fill  up  the  holes  that  do  not  correspond  with  each  other ; 
and  tLe  miscliief  is  too  freqiTcntly  increased  afterwards  by  excessive 
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line,  but  these  holes  are  made  needlessly  large.  Steam  domes  are 
often  so  placed  as  greatly  to  weaken  the  shell  of  the  boiler,  the  hole 
cut  out  of  the  plate  being  made  the  fall  diameter  of  the  dome ;  and 
in  some  cases  the  domes  or  steam  chests  have  been  made  square  or 
rectangular,  so  as  to  weaken  the  shell  still  more,  as  shown  in  Fig.  14, 
Plate  46. 

Manholes  are  often  a  source  of  danger,  if  not  properly  arranged 
and  duly  strengthened.  Even  in  very  small  boilers  they  are  often 
placed  with  the  longest  diameter  in  the  longitudinal  direction  of  the 
boiler,  so  that  the  shell  is  greatly  weakened,  as  in  the  sketch. 
Fig.  17,  Plate  46,  of  an  exploded  boiler  at  Walsall  in  1865.  This 
boiler  was  5  ft.  3  ins.  long  and  2  ft.  6  ins.  diameter,  and  yet  the 
manhole  was  18  inches  by  13  inches,  and  placed  within  a  few  inches 
of  one  end.  The  end  was  fastened  in  by  angle  iron,  which  was  not 
welded,  and  consequently  there  was  so  little  strength  at  the  small 
portion  of  the  shell  between  the  end  and  the  manhole  that  it  gave  way 
and  liberated  the  end  and  the  manhole  lid,  after  which  the  main 
body  of  the  boiler  was  thrown  by  the  reaction  across  several  streets 
to  a  great  distance. 

A  somewhat  similar  injudicious  arrangement  of  the  manhole  is 
shown  in  Fig.  16,  Plate  46,  where  a  manhole  17  inches  by  14  inches 
was  cut  out  of  the  flat  top  of  a  steam  dome  only  2  ft.  6  ins.  diameter, 
without  any  strengthening  ring  to  compensate  for  it.  The  repeated 
strain  of  screwing  up  the  manhole  lid,  combined  with  the  pressure 
of  the  steam,  caused  the  lid  to  force  its  way  out  through  the 
plate  and  blow  away.  This  explosion  occurred  at  Birmingham  in 
1865. 

The  preceding  examples  have  shown  how  explosions  often  result 
from  faults  in  the  construction  of  boilers ;  and  the  following  instances 
illustrate  the  explosions  caused  by  mischief  arising  during  working. 
A  boiler  perhaps  more  than  any  other  structure  is  subject  to  wear 
and  tear ;  and  let  it  be  worked  ever  so  carefully,  it  will  seriously 
deteriorate.  The  wonder  is,  considering  the  work  they  have  to 
perform,  that  so  many  boilers  are  found  which  have  worked  twenty, 
thirty,  or  even  fifty  years  without  explosion.     The  terms  wear  and 
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tear  however  are  too  vagne  for  this  subject,  and  the  mischief  met 
with  must  be  considered  imder  distinct  heads. 

There  is  no  doubt  that  the  thing  most  to  he  dreaded  for  boilers 
is  corrosion ;  becanse  when  the  plate  is  once  thinned,  it  cannot  be 
strengthened  again,  but  must  remain  permanently  weakened. 
Corrosion  the  more  deserves  attention  because  it  is  easily  detected  by 
moderate  vigilance,  and  can  generally  be  prevented  by  moderate  care, 
or  by  the  boilers  being  so  arranged  that  they  can  be  readily  examined 
in  every  part.  Corrosion  has  been  the  direct  and  unmistakable  cause 
of  a  very  large  proportion  of  the  explosions  that  have  happened  : 
it  occurs  both  inside  and  outside  the  boiler,  according  to 
circumstances,  and  attacks  the  iron  in  various  ways  and  in 
different  places. 

Internal  corrosion  sometimes  takes  place  from  bad  feed  water, 
and  its  effects  are  different  in  extent  in  the  different  parts  of  the 
same  boiler.  It  very  seldom  thins  the  plate  over  a  large  surfisuse 
regularly,  but  attacks  the  iron  in  spots,  pitting  it  in  a  number  of 
holes.  These  are  sometimes  large,  as  if  gradually  increasing  from  a 
centre  of  action ;  and  sometimes  small,  but  so  close  together  as  to 
leave  very  little  more  space  whole  than  that  which  is  attacked.  A 
very  curious  example  of  the  latter  is  exhibited  to  the  meeting,  and 
shown  in  Figs.  27  and  29,  Plate  48,  cut  from  the  lower  part  of  the 
shell  of  a  large  tubular  boiler  externally  fired.     The  corrosion  was 
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over  the  area  DDD,  where  unprotected  by  scale.  The  protection 
afforded  by  scale  against  occasional  corrosive  feed  water  is  .worthy 
of  notice.  In  the  two  specimens  exhibited  it  is  seen  that  the 
protection  has  been  perfect  where  the  scale  has  not  been  chipped 
off;  and  the  edge  of  the  sound  part  projects  over  the  hollow,  as 
seen  in  the  Ml  size  sections,  Figs.  29  and  30,  the  corrosive  water 
having  eaten  away  a  larger  area  beneath  than  that  through  which 
it  first  entered  the  surface  of  the  iron. 

Internal  corrosion  is  frequently  observed  where  boilers  are  fed 
j&om  canals  or  streams  in  the  neighbourhood  of  chemical  works 
from  which  corrosive  matter  is  discharged  at  intervals  into  the 
water.  The  corrosion  takes  place  in  isolated  spots,  but  causes  deep 
holes ;  which  seems  to  be  accounted  for  on  the  supposition  that  the 
scale  previously  upon  the  plate  cracks  during  the  cooling  of  the 
boiler  for  cleaning,  and  forms  a  blister,  so  that  a  piece  of  about 
2  inches  area  is  raised  slightly  from  the  iron.  When  the  boiler  is 
again  put  to  work,  this  blister  becomes  filled  with  the  corrosive 
water,  which  is  held  there  without  circulation  and  causes  corrosion. 
When  the  boiler  is  again  emptied  these  blisters  may  be  seen,  and  if 
broken  show  the  blackened  water  and  the  injured  surface.  In 
future  working  each  of  these  blisters  forms  a  constant  unprotected 
point  for  attack.  It  is  frequently  seen  further  that  such  corrosion 
is  arrested  if  water  be  used  which  deposits  scurf;  but  fresh  bUsters 
and  renewed  corrosion  will  result  from  a  return  to  the  use  of  the 
bad  water. 

The  internal  corrosion  called  frirrowing  has  proved  a  frequent 
cause  of  explosion,  especially  in  locomotive  boilers.  It  differs  from 
other  corrosion  by  being  in  deep  narrow  continuous  lines  with  abrupt 
edges.  It  will  sometimes  go  completely  through  a  plate;  and  is 
found  where  a  sudden  change  of  thickness  occurs,  either  along  the 
lines  of  the  seams,  or  opposite  the  edge  of  angle-iron  attachments. 
This  effect  is  supposed  to  be  due  to  the  alternate  springing  of 
the  plates  under  each  variation  of  the  pressure  or  temperature, 
causing  the  line  of  least  resistance  to  receive  a  strain  somewhat 
siuiilar  to  that  produced  by  bending  a  piece  of  iron  backwards 
and  forwards  for  the  purpose  of  breaking  it.     This  line  of  injury 
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is  exposed  to  constant  attack  from  corrosion,  because  the  scurf  is 
always  thrown  off  from  it. 

External  coirosion  is  a  far  more  frequent  cause  of  explosion  in 
stationary  boilers;  and  it  arises  from  many  causes.  The  most 
frequent  cause,  although  the  most  easily  detected,  is  leakage  from 
the  joints  of  the  fittings  on  the  top  of  the  boiler,  which  are  too 
frequently  attached  by  bolts  instead  of  rivets.  This  evil  is  much 
increased  when  the  boilers  are  covered  with  brickwork,  which  holds 
the  water  against  the  plates,  and  hides  the  mischief  from  observation. 
It  is  astonishing  to  find  how  much  damage  is  allowed  in  this 
way  to  go  on  without  attention,  until  the  tops  of  boilers  are 
corroded  so  thin  that  little  holes  burst  through.  These  are 
sometimes  found  stopped  with  wooden  pegs  or  covered  by  screwed 
patches  of  plate,  either  of  which  cause  leakage  that  hastens  the 
mischief,  as  shown  by  the  sample  exhibited.  Boilers  exposed  to  the 
weather  will  of  course  become  corroded  like  anything  else  made  of 
iron  and  not  painted  ;  and  yet  so  much  mischief  is  sometimes  caused 
by  leakage  beneath  improper  covering  that  exposure  may  almost 
be  said  to  be  the  smaller  evil  of  the  two,  as  it  is  better  to  see  what 
is  going  on  than  to  rest  in  false  security.  No  covering  will  be 
found  cheaper  or  better  in  the  long  run  than  a  roof,  which  prevents 
the  loss  of  heat  by  exposure,  and  yet  allows  free  access  to  all  the 
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beneath  the  ashes,  in  conjunction  with  the  corrosive  matter  from  the 
ashes  themselves,  thinned  the  tops  of  the  boilers  to  a  dangerons 
extent  in  less  than  two  years.  A  sketch  of  the  corrosion  cansed  in 
this  instance  by  covering  with  ashes  is  shown  in  Figs.  31  and  33, 
Plate  49.  Similar  mischief  has  been  noticed  in  boilers  covered  with 
sand,  as  shown  in  the  sketch  Figs.  32  and  34,  which  represents  an 
instance  of  corrosion  after  eight  years'  working;  although  nothing 
forms  a  better  covering  than  sand  for  preventing  loss  of  heat  by 
radiation.  In  both  these  examples  it  will  be  seen  that  the  corrosion 
has  continued  until  the  thickness  of  the  plate  has  been  so  eaten 
away  that  a  hole  has  been  burst  out  at  SS.  A  very  good  covering  is 
formed  by  brickwork  in  cement ;  or  various  cements  made  for  the 
purpose,  which  adhere  to  the  surface  of  the  plate  and  yet  show 
leakage ;  or  such  materials  as  sacking  or  felt ;  or  sheet-iron 
casing  leaving  about  6  inches  of  air  space  all  round  the  boiler. 
But  all  these  have  the  great  objection  that  they  hide  the  boiler 
from  inspection,  except  by  the  expensive  process  of  removing  the 
covering;  and  in  this  way  dangers  that  have  caused  explosion 
have  remained  hidden  from  observation. 

Explosions  have  also  taken  place  from  general  corrosion  of  the 
surface  of  the  boilers  in  the  flues.  A  new  boiler  which  was  set  on 
sidewalls  built  upon  a  foundation  of  porous  rock  was  found  to  have 
become  corroded  all  along  the  bottom  in  less  than  two  years,  owing 
to  the  dampness  which  rose  from  the  foundations  causing  a  constant 
presence  of  vapour.  The  corrosion  was  peculiar,  and  more  like  that 
found  on  old  iron  left  for  a  long  time  in  a  damp  place  ;  for  the  iron 
plate  fell  to  pieces  when  touched,  and  large  flakes  could  be  raised 
from  the  surface,  and  the  greater  part  of  the  thickness  of  the  plate 
could  be  removed  with  the  fingers.  Somewhat  similar  corrosion 
had  taken  place  in  a  boiler  which  exploded  at  Loughborough  in 
1863  ;  the  bottom  of  the  shell  became  rent  at  the  corroded  part,  and 
as  the  fracture  continued  spirally  round  the  boiler  several  times, 
nearly  all  the  shell  was  peeled  off*  in  the  curious  manner  shown  in 
Fig.  15,  Plate  46.  The  explosion  shown  in  Fig.  19,  which  occurred 
at  Leeds  in  the  present  year,  also  arose  from  corrosion  of  the  bottom 
of  the  boiler. 
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The  greater  part  of  the  corrosion  fonnd  in  the  side  flues  of 
boilers  is  caused  by  the  leakage  of  seams.  Many  boilers  are  emptied 
for  cleaning  as  soon  as  work  is  over  on  Saturday  nigbt,  and  long 
before  the  brickwork  of  the  fireplaces  and  flues  has  cooled ;  and 
consequently  the  boiler,  having  no  water  in  it,  is  made  much  hotter 
than  it  ever  is  in  working,  and  the  seams  are'  injured  and  sprung 
and  the  rivets  loosened  by  the  extra  expansion  so  caused.  This  is 
sometimes  done  intentionally,  in  order  to  loosen  the  scale  by  the 
greater  expansion  of  the  iron  than  of  the  scurf.  When  the  boiler  is 
again  set  to  work,  the  seams  and  rivets  leak  and  cause  that  corrosion 
which  is  called  channelling.  This  has  been  observed  to  occur  to 
such  an  extent  that  all  the  seams  in  a  boiler  have  been  seen  thus 
corroded  ;  and  the  same  has  sometimes  been  found  in  all  the  boilers 
in  a  large  manufactory.  Specimens  of  this  channelling  are  exhibited 
to  the  meeting.  One  in  particular,  shown  in  Figs.  38  and  39,  Plate  50, 
deserves  attention,  as  it  shows  the  efiect  of  a  jet  of  steam  and 
water  from  the  leaking  rivet  R,  in  cutting  a  series  of  channels  into 
the  plate  along  the  course  of  the  dotted  lines  EEE,  and  producing 
a  hole  in  the  plate  at  S.  This  corrosion  had  been  going  on  for 
about  four  years,  but  was  in  a  part  of  the  boiler  seldom  seen  in 
ordinary  examination.  Many  explosions  have  resulted  from  this 
form  of  corrosion;  for  when  a  rent  is  once  made,  the  fracture 
continues  along  the  thinned  channel  of  the  plate. 
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to  take  again  its  proper  proportion  of  the  weight  of  the  boiler. 
Cases  have  been  met  with  where  the  shape  of  the  bottom  of 
large  boilers  has  been  qnite  altered  by  snch  means.  The 
brackets  on  the  sides  of  heavy  boilers  have  not  only  been  strained  so 
th^t  the  rivets  or  bolts  have  leaked  and  caused  corrosion,  but  they 
have  also  bent  or  cracked  the  side  plates  of  the  boiler.  The 
bracket  shown  at  B  in  Fig.  14,  Plate  46,  made  of  only  an  angle  iron 
with  a  piece  of  plate  attached,  is  especially  liable  to  cause  injury  if 
the  brickwork  is  not  rebuilt  close  up  to  the  angle  iron,  as  the 
leverage  is  so  great.  This  is  avoided  by  the  better  form  of  bracket 
shown  at  C,  consisting  of  an  elbow  of  flat  bar-iron  rivetted  at  top 
and  bottom  to  the  boiler. 

In  the  old  balloon  and  wagon  boilers  the  angle  where  the  bottom 
joined  the  sides  scarcely  ever  remained  sound  for  long  when  in  contact 
with  the  brickwork,  and  many  of  those  that  exploded  have  been 
found  almost  corroded  through  where  they  stood  upon  the  brickwork. 
The  explosion  before  alluded  to  and  shown  in  Fig.  7,  Plate  44,  was 
caused  by  corrosion  of  the  bottom  of  the  boiler  where  it  was  set  on  the 
brickwork.  Many  boilers  are  so  set  that  the  brickwork  of  the  flues  is 
made  to  follow  the  shape  of  the  boiler,  with  as  little  space  between 
as  possible ;  but  the  slight  advantage  gained  in  increased  heating 
effect  is  far  outweighed  by  the  impossibility  of  getting  into  the  flues 
for  examination.  It  is  only  by  having  the  flues  sufficiently  roomy 
that  proper  examination  can  be  made,  and  that  the  indications  on  the 
brickwork  of  leaking  can  be  seen  and  remedied,  and  corrosion 
arrested.  A  remarkable  case  of  corrosion  occurred  in  a  boiler  with 
an  oval  shell,  set  upon  a  middle  wall.  The  flues  were  too  narrow 
for  a  man  to  enter,  and  a  leak  in  the  bottom  was  only  discovered  by 
the  boiler  nearly  running  empty  while  the  engine  pumps  were 
standing  for  a  short  time.  It  was  subsequently  found  that  the 
whole  bottom  where  it  rested  on  the  wall  was  extensively  corroded 
in  a  continuous  line,  and  that  explosion  was  only  prevented  by  the 
numerous  stays  across  the  bottom  to  compensate  for  the  oval  shape. 
Fig.  24,  Plate  47,  shows  the  position  and  extent  of  the  corrosion,  and 
the  plate  was  completely  in  holes  at  the  parts  indicated  by  the 
black  marks.  This  corrosion  was  supposed  to  have  been  going  on 
for  about  three  years. 
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It  is  sometimes  asserted  that  corrosion  cannot  be  the  canse  of  an 
explosion,  because  the  corroded  place  would  simply  give  way  and 
let  off  the  steam  harmlessly,  or  at  least  the  boiler  would  not  be 
displaced  from  its  seating.  When  the  corrosion  is  only  local,  and 
surrounded  by  sound  plates  of  sufficient  strength  to  arrest  the 
extension  of  the  fracture,  this  may  be  the  case,  as  in  an  explosion 
at  Sheffield  in  1865,  shown  in  Fig.  25,  Plate  47,  where  a  piece  of 
plate  was  blown  out  on  one  side  of  the  boiler,  allowing  the  steam 
and  water  to  escape  without  displacing  the  boiler ;  the  thickness  of 
the  plate  at  that  part  had  been  reduced  to  l-8th  inch  by  corrosion 
in  about  1^  years,  which  had  been  caused  by  leakage  at  the  seams 
from  inefficient  repair  with  bolts  instead  of  rivets,  and  also  from  the 
moisture  having  been  allowed  to  be  kept  against  the  plate  by  the 
brickwork.  But  even  under  such  circumstances,  if  the  piece  blown 
out  should  be  from  the  bottom,  the  whole  boiler  may  be  thrown 
a  great  distance  by  the  reaction  of  the  issuing  steam,  as  in  an 
explosion  at  Leeds  in  1865,  shown  in  Fig.  23.  If  the  corrosion 
extends  for  any  length,  the  first  rent  is  almost  sure  to  continue  until 
a  complete  explosion  is  the  result.  Several  of  the  small  models 
exhibited  to  the  meeting  show  the  line  of  fracture  in  various  cases  of 
explosion.  One  shows  the  app^rance  of  a  plain  cylindrical  boiler 
after  explosion  caused  by  corrosion  along  the  whole  length  where  it 
rested  on  brickwork ;  this  explosion  occurred  at  Wigan  in  1865,  and 
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an  explosion  at  Bilston  in  1863,  where  a  large  plain  cylindrical 
boiler  9  ft.  diameter  was  heated  by  three  large  fires  placed  side  by 
side  along  the  bottom ;  and  a  large  "  pocket  "  burst  out  over  the  third 
grate,  and  scalded  the  attendant  to  death.  A  similar  pocket  in  a 
boiler  4  ft.  6  ins.  diameter,  which  exploded  at  Dudley  in  1864  after 
having  been  at  work  six  Weeks  without  cleaning,  is  shown  in  the 
transverse  section.  Fig.  37,  Plate  50.  In  this  case  the  scurf  had 
filled  up  the  circle  of  the  boiler  to  a  depth  of  3  inches  at  the 
bottom,  as  shown  in  the  drawing,  and  was  of  a  very  hard  description ; 
and  the  boiler  plate  was  bent  out  in  a  gradual  curve,  and  thinned 
out  to  about  1-1 6th  inch,  the  original  thickness  being  ^  inch. 

The  whole  bottom  of  a  boiler  is  sometimes  injured  and  the  plates 
buckled  and  the  seams  sprung  from  the  accumulation  of  niiud. 
One  case  may  be  mentioned  where  the  water  was  very  fiill  of  mud, 
and  the  boilers  were  worked  day  and  night  during  the  week,  but 
stopped  for  several  hours  on  Sunday,  during  which  time  the  deposit 
of  mud  was  so  thick  that  it  did  not  get  thoroughly  disengaged  again 
from  the  bottom  when  the  boiler  was  set  to  work,  but  hardened  into 
a  mass.  Although  many  of  these  pockets  and  injuries  to  the  plates 
may  occur  without  serious  damage,  they  sometimes  cause  that  first 
rent  which  destroys  the  equilibrium  of  the  structure  and  leads  to 
explosion.  Some  of  the  specimens  of  scurf  exhibited  to  the  meeting 
show  that  their  thickness  is  made  up  of  small  chips  carelessly  left 
after  cleaning  or  fallen  from  the  sides  of  the  boiler,  as  seen  in 
Fig;  36,  Plate  50 ;  or  from  cotton  waste  or  other  matter  left  in 
the  boiler  and  forming  a  nucleus  for  the  scurf  to  accumulate  upon. 
Other  specimens  show  that  foreign  matter  must  have  been  put  into 
the  boiler  to  stop  leaking. 

Accumulations  of  scurf  in  the  feed  pipes  at  the  point  of  entrance 
into  the  boiler  have  also  caused  explosion  by  stopping  the  supply  of 
water.  The  same  result  is  caused  by  the  freezing  of  the  water  in 
the  pipes  which  are  exposed ;  and  each  winter  one  or  two  boilers  are 
injured  or  exploded  from  this  cause,  especially  small  household 
boilers  placed  behind  kitchen  grates.  Scurf  cannot  be  considered 
fio  great  an  evil  as  corrosion,  since  it  can  be  removed ;  and  if  this  is 
done  in  time,  the  boiler  is  restored  to  its  original  condition. 
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The  advantage  of  a  pnre  water  which  does  not  deposit  scnrf  is 
so  great  for  the  supply  of  boilers  that  it  is  always  worth  while  to 
go  to  considerable  expense  for  obtaining  it ;  or  to  take  some  steps 
for  purifying  the  feed  water  as  mnch  as  possible.  If  it  is  only  mud 
mechanically  suspended,  which  would  deposit  by  gravity  on  the 
bottom  of  the  boiler,  frequent  use  should  be  made  of  the  blow-off 
apparatus.  If  the  impurity  is  light  enough  to  be  carried  to 
the  surface  in  the  form  of  scum,  the  blow-off  apparatus  should 
discharge  from  the  surface  of  the  water  as  well  as  from  the  bottom. 
If  the  impurity  is  chemically  suspended  in  the  water,  some 
one  of  the  many  substances  which  form  the  refuse  from  various 
manufactures  and  which  may  contain  suitable  ingredients  should  be 
used  to  counteract  the  effect  of  the  impurity.  Common  soda  will 
answer  the  purpose  perhaps  better  than  anything  else.  It  must  not 
be  forgotten  however  that  the  blow-off  apparatus  must  afberwards 
be  used  more  frequently,  to  rid  the  boiler  of  the  foreign  matter, 
or  the  mischief  will  be  increased.  In  marine  boilers  constant 
attention  is  necessary  to  get  rid  of  the  saline  deposit ;  and  in 
stationary  boilers  using  impure  water  an  equally  systematic  attention 
is  needed  to  get  rid  of  the  earthy  deposit. 


Perhaps  no  cause  of  explosion  is  ofbener  mentioned  than  shortness 
of  water,  and  this  is  not  unfrequently  coupled  with  turning  on  the 
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mns  rapidly  empty,  from  tlie  breaking  of  the  blow-off  pipe  or  any 
such  canse,  it  will  simply  get  red-bot  and  sink  out  of  shape  upon 
the  fire,  as  may  often  be  seen  ;  but  no  explosion  would  happen.  If 
the  water  only  falls  gradually,  as  it  would  if  the  feed  were  turned 
off  and  evaporation  continued,  the  parts  exposed  to  the  fire  would 
get  overheated  as  the  water  left  them.  If  the  subsidence  of  the 
v^ater  were  very  slow,  those  parts  might  get  red-hot,  and  so  much 
softened  and  weakened  as  to  be  incapable  of  bearing  the  pressure, 
when  an  explosion  would  take  place,  as  at  Smethwick  in  the  present 
year,  where  the  flues  were  set  above  the  water  line,  as  shown  in 
Mg.  26,  Plate  47. 

If  however  the  water  were  turned  on  again  before  the  over- 
heating had  gone  so  far,  and  the  feed  pipe  were  as  usual  carried 
down  to  nearly  the  bottom  of  the  boiler,  the  water  would  gradually 
creep  up  the  heated  sides  and  cool  the  plates,  the  heat  of  which 
would  not  be  sufficient  to  cause  greater  evaporation  than  the 
ordinary  safety  valves  would  carry  off.  The  danger  would  not 
arise  so  much  from  the  excess  of  steam  generated  by  the  heat 
accximulated  in  the  heated  plates  of  the  boiler,  as  from  the  injury 
and  strain  that  would  be  caused  to  the  plates  by  the  undue 
expansion  and  sudden  contraction,  especially  as  this  action  would 
take  place  on  only  a  portion  of  the  boiler.  A  singular  case  bearing 
on  this  point  may  be  mentioned.  A  four-ftirnace  upright  boiler, 
like  that  shown  in  Fig.  74,  Plate  65,  happened  to  run  so  nearly 
empty,  through  the  accidental  sticking  of  the  self-acting  feed 
apparatus,  that  the  level  of  the  water  sank  to  the  top  of  the 
hemispherical  end  forming  the  bottom  of  the  boiler.  The  feed 
apparatus  then  became  released  of  itself,  and  the  feed  being  turned 
frill  on,  the  water  gradually  rose  until  the  whole  occurrence  was 
only  discovered  by  the  leaking  at  the  seams  that  had  been  sprung, 
which  caused  so  much  steam  in  the  flues  as  to  stop  the  working  of 
the  frimaces.  The  overheating  had  been  sufficient  to  buckle  the 
plates,  and  in  one  place  a  rupture  had  almost  commenced ;  but 
there  was  no  explosion.  By  way  of  direct  experiment  upon  this 
point,  boilers  have  been  purposely  made  red-hot  and  then  filled  with 
cold  water,  without  causing  explosion. 
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It  has  been  supposed  that  boilers  sometimes  explode  &om 
overheating  without  the  water  level  being  below  the  nsnal  point,  or 
without  the  accumulation  of  scurf  previously  alluded  to,  but  simply 
by  the  rapidity  of  the  evaporation  from  an  intensely  heated  surface 
causing  such  a  continuous  current  of  steam  as  to  prevent  the  proper 
contact  of  the  water  with  the  heated  plate.  Such  has  been  the 
cause  assigned  for  the  explosion  of  a  three-farnace  upright  boiler  at 
Birmingham  in  1865,  shown  in  Fig.  20,  Plate  47.  A  piece  of  plate 
about  3  ft.  by  1 1  ft.  was  blown  out  of  the  side,  at  a  place  where  an 
enormous  flame  impinged  continually.  The  plates  had  first 
bulged  out,  and  then  given  way  in  the  centre  of  the  bulge,  each 
edge  being  doubled  back  and  broken  off".  There  was  no  positive 
evidence  as  to  the  water  supply  ;  but  the  crown  of  the  centre  tube, 
which  was  much  above  the  bottom  of  the  part  blown  out,  remained 
uninjured. 

A  somewhat  similar  case  was  that  of  a  large  horizontal  boiler 
at  Kidderminster,  the  tube  of  which  collapsed  in  1866,  as  shown 
in  Fig.  21,  Plate  47.  It  was  heated  by  four  furnaces,  one  of  which 
worked  into  the  tube,  one  under  the  bottom,  and  one  on  each  side ; 
and  all  the  fiimaces  worked  into  the  same  end  of  the  boiler.  The 
tube  was  found  to  have  partially  collapsed  at  that  end,  and  the  top 
had  dropped  11  inches.  This  was  repaired  in  the  first  instance,  but 
was  afterwards  again  found  injured  by  overheating,  although  not  so 
serioTisIy.      It  is  very  probable  that  the  extremely  rapid  ebullition 
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working  tban  to  original  bad  quality.  Of  course  tliis  is  not  always  ' 
the  case,  as  the  injury  done  to  plates  by  overheating  has  been  already 
explained.  Pieces  of  plate  have  in  some  cases  been  erroneously 
pronounced  to  be  deteriorated  by  work,  which  have  been  taken  from 
situations  in  the  boilers  where  they  were  not  exposed  to  any  action  of 
fire  that  could  cause  overheating ;  and  therefore  in  reality  the  injury 
could  only  have  taken  place  when  the  boiler  was  being  made, 
by  burning  the  iron  in  bending  it  to  the  required  shape.  A  frequent 
cause  of  fetal  injury  to  boilers  is  injudicious  repair,  whereby 
the  crossing  of  the  seams  is  destroyed,  as  in  the  explosion  at 
Wolverhampton  in  1865,  previously  referred  to  and  shown  in 
Fig.  8,  Plate  44.  Moreover  the  edges  of  the  old  plates,  already 
tried  by  the  first  rivetting  and  the  subsequent  cutting  out  of  the 
rivets,  are  frequently  strained  again  by  the  use  of  the  drift  to  draw 
them  up  to  the  strong  new  plates ;  and  many  a  seam  rip  is  thus 
started  which  ultimately  causes  explosion. 

Many  explosions  have  been  caused  by  the  want  of  proper  apparatus 
for  enabling  the  attendant  to  tell  the  height  of  the  water  and  the 
pressure  of  the  steam,  and  also  by  the  want  of  sufficient  apparatus  for 
supply  of  feed  water  and  escape  of  steam,  or  by  the  failure  of  one  or 
other  of  these ;  but  such  explosions  can  only  be  referred  to  generally 
in  the  present  paper.  The  mountings  on  a  boiler  are  usually  so  open 
to  observation,  and  the  importance  of  having  them  good  and  efficient 
is  so  universally  acknowledged,  that  much  remark  is  not  needed. 
Mention  has  already  been  made  of  the  sticking  of  self-acting  feed 
apparatus  as  a  cause  of  mischief,  and  similar  failures  of  floats  and 
gauges  have  constantly  happened ;  but  this  should  by  no  means  be 
considered  to  condemn  self-acting  apparatus,  either  for  assisting  in 
the  steadiness  of  working,  or  for  giving  warning  of  danger.  The 
apparatus  however  should  be  relied  on  for  assistance  only ;  and  an 
attendant  cannot  be  called  careful  who  leaves  a  boiler  dependent  on 
such  apparatus  without  watching.  The  self-acting  principle  has 
been  seen  by  the  writer  applied  in  a  novel  and  useful  way  in  a 
recording  pressure  gauge,  which  proved  the  more  interesting  as  it 
had  shown  the  actual  pressure  of  steam  at  the  time  of  the  explosion 
of  one  of  the  boilers  with  which  it  was  connected. 
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Among  the  nnmerous  boiler  explosions  tbafc  have  been  attributed 
to  over-pressnre  tbrongb  deficient  arrangements  for  escape  of  steam, 
in  many  cases  the  safety  values  have  been  placed  on  the  steam 
pipes  in  sncb  a  manner  that  the  communication  with  them  was  cut 
off  whenever  the  steam  stop- valve  was  shut,  which  is  just  the  time 
when  the  safety  valves  are  most  wanted.  Safety  valves  are  too  often 
found  needlessly  overweighted ;  and  it  is  believed  that  many  boilers 
are  constantly  worked  with  safety  valves  so  imprudently  arranged 
and  weighted  that  they  could  not  carry  off  all  the  steam  the  boilers 
would  generate  without  a  very  great  increase  of  pressure. 


It  is  concluded  that  enough  has  now  been  said  to  show  that 
boiler  explosions  do  not  arise  from  mysterious  causes,  but  generally 
from  some  defect  which  could  have  been  remedied  if  it  had  been 
known  to  exist.  It  only  remains  therefore  to  consider  what  is  the 
most  ready  and  efficient  way  to  discover  the  true  condition  of  a 
boiler.  It  has  been  maintained  that  this  end  is  best  accomplished 
by  what  is  called  the  hydraulic  test,  in  which  a  pressure  of  water  is 
maintained  in  the  boiler  for  a  given  time  at  a  certain  excess  above 
the  working  pressure.  This  test  is  undoubtedly  usefrd  so  &r  as  it 
goes,  and  is  perhaps  the  only  one  that  can  be  applied  to  boilers  with 
small  internal  spaces,  such  as  locomotive  boilers,  not  admitting  of 
personal  inspection  over  the  whole  of  the  interior ;  and  it  is  also 
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specially  important  tliat  fiicility  for  examination  sliOTild  be  made  a 
consideration  in  selecting  a  construction  of  boiler.  Permanent  safety 
should  be  considered  as  an  element  of  economy,  in  addition  to  its  still 
higher  importance  in  reference  to  the  preservation  of  life. 


Mr.  Marten  exhibited  a  large  collection  of  specimens  of  corroded 
and  fractured  plates  from  boilers  that  had  exploded,  together  with 
models  showing  the  construction  of  some  of  the  exploded  boilers 
find  the  results  of  their  explosion.  A  set  of  elastic  models  of 
different  constructions  of  boilers  were  also  shown,  by  means  of 
which  the  effect  of  over-pressure  of  steam  in  altering  the  shape  of 
the  boiler  and  thereby  leading  to  explosion  was  clearly  illustrated. 

Mr.  W.  Faibbaibn  fully  concurred  in  the  views  advanced  in  the 
paper  that  had  been  read,  as  to  the  importance  of  periodical 
inspection  as  a  means  of  preventing  steam  boiler  explosions,  and  he 
considered  that  was  the  only  way  in  which  safety  could  be  effectually 
ensured.  In  the  case  of  the  Manchester  Boiler  Association,  with 
which  he  had  been  connected  from  its  formation  ten  years  ago,  the 
practice  referred  to  in  the  paper  of  carefcd  inspection  had  been 
carried  out  from  the  commencement,  and  also  that  of  collecting 
records  of  every  particular  connected  with  boiler  explosions  that 
occurred  within  the  cognizance  of  the  Association.  During  the 
ten  years  of  its  operations,  only  four  explosions  had  occurred  of 
boilers  inspected  by  the  Association,  causing  the  loss  of  three 
lives;  and  this  exemption  from  accident  was  entirely  due,  he 
believed,  to  the  periodical  inspection  of  every  boiler  once  in  every 
three  months ;  for  during  the  same  ten  years  the  explosions  of 
boilers  not  inspected  by  the  Association  had  caused  the  deaths  of 
600  or  600  persons,  and  serious  injury  to  nearly  double  that  number, 
making  an  average  of  5  persons  killed  per  month. 
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Having  witnessed  the  gradnal  increase  of  steam  pressure  in 
stationary  boilers  daring  the  past  thirty  years,  from  the  original 
7  lbs.  pressnre  in  the  old  Bonlton  and  Watt  boilers  np  to  the 
present  pressures  of  from  40  lbs.  to  70  lbs.  and  80  lbs.  in  many 
factory  engines,  he  was  strongly  of  opinion  that  there  were  certain 
circumstances  connected  with  the  employment  of  these  higher 
pressures  of  steam  which  were  not  yet  frilly  appreciated  and 
practically  attended  to.  This  appeared  to  be  particularly  the  case 
in  reference  to  the  remarkable  circumstance  of  grooving  that  was 
supposed  to  be  produced  by  oxidation  along  the  edges  of  the 
joints  in  boilers  working  with  the  higher  pressures,  so  that  the 
metal  of  the  plates  became  eaten  away  along  the  joints  until 
the  thickness  was  frequently  reduced  in  some  places  to  less  than 
l-8th  or  1-1 6th  inch;  and  in  locomotive  boilers  working  at  still 
higher  pressures  this  grooving  action  of  the  corrosion  took  place 
with  still  greater  rapidity.  The  effect  was  probably  produced  by 
causes  both  chemical  and  mechanical,  the  former  arising  fr^m  the 
water  with  which  the  boiler  was  fed,  and  the  latter  from  the 
construction  of  the  boiler  itself  and  the  strains  to  which  it  was 
subjected  by  alternate  expansion  and  contraction  in  working. 

Another  fruitful  source  of  explosion  was  the  collapse  of  internal 
tubes,  both  in  single-flue  or  Cornish  boilers  and  in  double-flue  op 
Lancashire  boilers ;  and  he  believed  almost  as  many  explosions  took 
place  from  the  collapse  of  tubes  as  from  the  tearipg  of  the  outer 
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that  so  simple  a  remedy  had  not  heen  applied,  as  he  believed 
the  xise.  of  stiffening  hoops  round  the  internal  tubes  was  now 
generally  adopted  in  the  Lancashire  district,  and  this  plan  was 
partionlarly  important  in  boilers  having  large  and  long  tubes  of 
35  to  40  feet  length  and  upwards.  The  internal  flues  had  also  been 
strengthened  by  the  addition  of  small  transverse  tubes  extending 
across  the  flue  from  top  to  bottom ;  but  though  the  heating  surface 
-was  thereby  increased,  so  that  more  steam  was  generated,  bethought 
there  was  no  cheaper  and  better  construction  in  the  long  run  than 
the  simple  two-flue  boiler.  He  hoped  those  principles  of  construction 
would  become  generally  adopted  that  would  admit  of  greatly 
increased  pressures  of  steam  being  employed,  with  reasonable 
certainty  of  freedom  from  the  lamentable  results  which  followed 
in  the  train  of  boiler  explosions. 

Colonel  Kennedy  considered  they  were  greatly  indebted  to  the 
author  of  the  paper  for  the  laborious  attention  he  had  given  to  the 
subject,  and  the  very  valuable  information  he  had  collected  in 
reference  to  the  causes  of  explosion  in  stationary  boilers,  which  he 
had  no  doubt  would  be  the  means  of  directing  attention  also  in 
other  quarters  to  the  explosions  of  locomotive  and  marine  boilers. 
From  the  explanations  given  in  the  paper  respecting  the  various 
causes  of  explosion,  it  was  clear  that  much  of  the  injury  and  loss  of 
life  which  had  hitherto  been  occasioned  by  boiler  explosions  might 
in  friture  be  prevented  by  careftd  inspection  of  steam  boilers ;  and 
the  obscurity  in  which  the  causes  of  so  many  explosions  had  been 
enveloped  might  henceforth  be  dispelled  by  proper  examination,  and 
the  real  causes  of  such  accidents  might  in  almost  every  instance  be 
elucidated. 

Mr.  F.  J.  Bramwell  remarked  that  it  would  appear,  from  the 
comments  made  in  the  paper  upon  the  different  descriptions  of 
stationary  boilers  which  had  been  noticed,  that  there  was  not  any 
one  kind  of  boiler  which  wad  considered  entirely  satisfactory ;  and 
from  the  several  considerations  that  had  been  advanced  in  reference 
to  the  constructions  of  boilers  it  appeared  that,  so  far  as  any 
preference  was  entertained,  it  was  in  favour  of  the  plain  cylindrical 
boiler  with  hemispherical  ends,  flred  underneath,  and  fixed  so  as  to 
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allow  of  complete  exammatioiLof  its  entire  snrfEUse  at  anytime,  and  not 
having  any  covering  on  the  top  to  prevent  loss  of  heat  by  exposure. 
This  seemed  by  no  means  a  satisfactory  result  to  arrive  at,  as  he 
believed  such  boilers  must  always  be  wasteM  in  consumption  of 
ftiel,  and  liable  to  injury  at  the  bottom  by  deposit  of  scurf  upon  the 
plates  immediately  over  the  fire.  His  own  opinion  was  much  more 
in  favour  of  the  Lancashire  or  double-flue  boiler,  which  was  perhaps 
in  most  general  use  for  manufactories ;  for  there  was  a  greater 
amount  of  heat  obtained  with  the  same  consumption  of  fuel  from  the 
internal  fire  situated  inside  the  flues,  as  contrasted  with  an  external 
fire  playing  upon  the  shell  of  the  boiler:  moreover  the  deposit 
could  accumulate  in  the  comparatively  cool  space  below  the  flues 
without  causing  injury  to  the  bottom  of  the  boiler  from  overheating. 
There  was  also  a  fair  amount  of  water  space  and  steam  room  in  this 
boiler,  to  serve  as  a  reservoir  for  preventing  any  very  sudden 
fluctuations  in  the  steam  pressure  in  case  of  negligent  firing ;  and 
when  the  flues  were  properly  stayed  by  external  strengthening 
rings,  there  need  be  nO  reason  for  fearing  explosion  by  collapse  of 
the  flues.  Allusion  had  been  made  in  the  paper  to  boilers  holding 
only  a  small  amount  of  water,  so  as  to  lessen  the  disastrous 
consequences  of  an  explosion  and  prevent  any  serious  damage  being 
done  by  such  an  accident;  and  some  boilers  of  that  ckcss  had 
doubtless  proved  completely  satisfactory  in  this  respect  and  highly 
successful   in   rapid    s-eneration    of   steam,   particularly   with   the 
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exhaust  steam  from  the  engine  were  passed  into  a  condenser,  it  would 
be  found  that  the  amount  of  water  deposited  in  the  condenser  was 
much  more  than  that  due  to  the  steam  employed  in  the  engine, 
showing  that  a  considerable  quantity  of  water  must  have  been 
carried  off  from  the  boiler  mixed  with  the  steam,  owing  to  the 
violent  ebullition  of  the  water  in  the  boiler.  In  these  cases 
therefore  he  considered  the  only  correct  way  of  arriving  at  the 
actual  evaporative  power  of  the  boiler  was  by  the  employment  of  a 
condenser  in  connection  with  the  engine  ;  by  which  means  not  only 
could  the  amount  of  water  brought  over  be  ascertained,  but  the  heat 
given  out  could  also  be  measured,  and  thus  the  quantity  really 
evaporated  and  that  carried  over  by  priming  could  be  separately 
arrived  at. 

With  regard  to  the  covering  of  stationary  boilers,  he  was 
surprised  that  the  use  of  sand  for  the  purpose  had  not  been  spoken 
of  more  favourably  in  the  paper,  as  he  had  himself  employed  it 
constantly  for  covering  boilers  and  had  found  it  a  very  satisfactory 
means  of  protecting  them.  The  sand  was  itself  a  very  good 
non-conductor  of  heat,  and  it  was  cheap,  and  easy  to  be  removed 
with  a  shovel  at  any  time  for  examining  the  boiler  plates,  and  in 
this  respect  decidedly  superior  to  more  costly  coverings  which  could 
not  be  readily  removed.  Any  droppings  of  water  upon  the  sand 
covering  became  absorbed  by  it,  as  by  a  sponge,  without  penetrating 
80  far  as  to  reach  the  boiler  plates,  if  a  proper  thickness  of  sand 
were  used;  and  the  moisture  was  afterwards  evaporated  by  the 
heat  from  the  boiler.  On  these  accounts  he  had  been  led  to  consider 
sand  the  most  advantageous  material  that  could  be  employed  for 
covering  stationary  boilers.  The  feeding  of  boilers  ought  no  longer 
to  present  any  difficulty ;  for  if  the  Giffard's  injector  were  applied 
to  every  boiler  or  set  of  boilers,  in  addition  to  the  present  feed 
pumps,  the  regulation  of  the  feed  in  stationary  boilers  would  always 
be  absolutely  under  control,  and  could  be  adjusted  to  correspond 
exactly  with  the  quantity  of  steam  required. 

Mr.  H.  Maudslay  remarked  that  the  voluminous  and  authentic 
records  contained  in  the  paper  formed  a  most  valuable  contribution 
to  the  Proceedings  of  the  Institution,  and  the  careful  manner  in 
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wticli  the  information  had  been  compiled  and  illustrated  further 
enhanced  its  value ;  and  they  were  greatly  indebted  to  the  author 
for  having  prepared  the  paper.  A  very  useful  summary  had  been 
given  at  the  commencement  of  the  paper,  not  only  of  the  number 
of  explosions  that  had  occurred  from  the  different  causes  which  led 
to  such  accidents,  but  also  of  the  number  of  explosions  that  had 
taken  place  with  the  different  constructions  of  boilers  in  general 
use ;  and  he  had  no  doubt  that  the  continuance  of  such  a  system  of 
classification  would  lead  to  beneficial  results  in  the  prevention  of 
explosions  for  the  future.  As  the  subject  of  the  paper  was  the 
explosions  of  boilers,  it  was  of  course  unavoidable  that  all  the 
instances  adduced  as  illustrations  in  the  paper  presented  some 
unsatisfactory  features,  through  the  existence  of  which  a  failure  of 
the  boiler  had  either  actually  taken  place,  or  might  be  expected  to 
occur  unless  effectually  guarded  against  by  proper  inspection ;  and 
it  would  remain  for  the  balance  of  advantages  or  disadvantages 
attending  any  particular  construction  of  boiler  to  be  determined  by 
the  special  circumstances  of  the  situation  and  working  in  the 
particular  case  under  consideration. 

Mr.  W.  Richardson  observed  that  among  the  specimens  exhibited 
of  fractured  boiler  plates  he  noticed  one  which  appeared  to  be  taken 
from  the  bottom  of  the  shell  of  a  cylindrical  boiler,  where  the 
fracture  had  run  along  one  of  the  transverse  circular  seams  through 
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bottom  of  tlie  boiler  wonld  put  a  strain  of  compression  upon  the 
plates  in  the  bottom,  and  the  rent  must  of  course  have  been 
occasioned  by  tension.  He  thought  the  cause  was  one  which  was 
often  met  with,  particularly  in  plain  cylindrical  boilers,  namely  an 
injudicious  mode  of  supplying  the  feed,  the  cold  feed  water  being 
delivered  into  the  boiler  in  an  undivided  stream  near  the  bottom,  or 
&,lling  direct  to  the  bottom  by  its  greater  specific  gravity,  whereby 
the  boiler  bottom  was  suddenly  cooled  at  one  part  and  caused  to 
contract  violently,  while  the  rest  of  the  shell  remained  heated  and 
expanded;  then  the  strain  produced  by  the  contraction  would  of 
course  run  to  the  weakest  part  of  the  boiler  bottom,  and  a  fracture 
would  ultimately  be  produced  by  the  repeated  action  of  the  strain 
at  each  time  of  turning  on  the  feed  again  after  it  had  been  shut  off 
for  an  interval.  In  order  to  obviate  this  difficulty  he  considered  the 
feed  water  ought  always  to  be  either  heated  before  entering  the 
boiler,  or  circulated  through  pipes  inside  the  boiler  itself,  so  as  to  be 
made  sufficiently  hot  before  being  allowed  to  mix  with  the  water  in 
the  boiler,  in  order  to  prevent  any  injurious  effects  from  difference 
of  temperature. 

Mr.  W.  Waller  said  that  he  was  personally  acquainted  with  the 
case  of  the  fractured  plate  exhibited,  and  the  feed  water  had  been 
heated  before  entering  the  boiler;  and  therefore  he  thought  a 
sufficient  explanation  appeared  to  be  that  the  boiler  had  on  some 
occasions  been  emptied  by  blowing  off,  while  the  flues  surrounding 
it  continued  nearly  red-hot,  so  that  the  whole  boiler  shell  became 
very  much  overheated ;  and  then  the  sudden  cooling  of  the  bottom 
by  the  free  admission  of  cold  air  would  have  produced  the  severe 
strain  of  contraction  which  ultimately  led  to  the  rent.  In  some 
instances  of  similar  rents  in  the  bottoms  of  plain  cylindrical  boilers, 
in  which  the  shell  was  made  of  Cleveland  plates,  but  the  bottom 
exposed  to  the  fire  of  Low  Moor  plates,  the  cause  could  not  be 
traced  to  any  defect  in  the  plates  or  the  rivetting  ;  and  the  idea  was 
then  suggested  that  it  might  be  due  to  a  different  rate  of  expansion 
in  the  two  qualities  of  plates  used  in  the  construction  of  the  boilers. 
In  order  to  ascertain  the  actual  difference  of  expansion,  two  strips 
of  plate,  which  he  exhibited,  one  of  Low  Moor  iron  and  the  other 
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of  Cleveland  iron,  each  47  inches  long  by  3|  inches  wide  and  f  inch 
thick,  were  rivetted  together  side  by  side  at  one  end  ;  and  on  then 
heating  them  together  to  a  black  red  heat  it  was  fonnd  that  the 
Low  Moor  bar  had  expanded  ftiUy  l-16th  inch  less  in  length  than 
the  other.  In  one  of  the  cylindrical  boilers  of  80  feet  length  this 
extent  of  diflference  wonld  amount  to  as  much  as  Ij  inch,  the 
consequence  of  which  must  be  a  severe  tensile  strain  on  the  bottom 
of  the  boiler ;  and  he  had  seen  cases  of  as  many  as  three  or  four 
seams  ripped  in  the  length  of  the  boiler  bottom,  where  the  bottom 
had  been  made  of  Low  Moor  plates  while  the  rest  of  the  shell  was 
of  common  iron. 

Mr.  L.  E.  Fletcher,  Engineer  of  the  Manchester  Association  for 
the  prevention  of  steam  boiler  explosions,  was  sure  it  must  have 
been  no  easy  matter  to  collect  all  the  details  and  arrange  such  a 
mass  of  information  as  was  given  in  the  paper  that  had  been  read ; 
and  it  was  clear  that  the  subject  of  stationary  boilers  alone  afforded 
ample  material  for  a  long  paper,  without  going  into  the  question  of 
locomotive  and  marine  boilers.  From  his  own  experience  in 
investigating  the  causes  of  boiler  explosions  for  some  years  past  he 
was  convinced  that  a  great  deal  of  unnecessary  mystery  and 
uncertainty  had  been  attached  to  the  subject,  while  in  truth  there 
was  no  mystery  whatever  connected  with  it;  and  he  thought  no 
progress  would  be  made  in  the  prevention  of  ^  explosions  until  it  was 
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conld  keep  it  safe.  The  fractured  plate  exhibited  from  the  bottom 
of  a  plain  cylindrical  boiler,  with  the  rent  following  one  of  the 
transverse  circular  rows  of  rivets,  illustrated  the  way  in  which  such 
boilers  frequently  failed ;  and  he  thought  the  general  cause  of  these 
&ilures  was  very  simple,  and  was  not  sufficiently  apprehended.  It 
was  evident  that  a  rent  in  that  situation  could  not  arise  from 
expansion  of  the  boiler  bottom,  but  must  be  produced  by  contraction, 
and  he  believed  that  contraction  was  continually  occurring  in 
ordinary  working,  from  the  firedoor  being  opened  for  firing ;  and 
then,  the  bottom  of  the  boiler  being  very  hot  in  consequence  of  the 
external  firing,  the  rush  of  cold  air  every  time  the  door  was  opened 
caused  a  sudden  cooling  and  contraction  of  the  bottom  plates,  the 
constant  repetition  of  which  frequently  produced  a  rent  across 
the  bottom,  exactly  as  in  the  specimen  exhibited.  On  this  account 
he  did  not  think  a  boiler  of  that  class  could  be  kept  safe  for  working, 
even  when  the  feed  water  was  heated ;  and  with  cold  feed  water  the 
injury  to  the  boiler  bottom  was  of  course  still  more  rapid,  as  the 
cooling  efiect  of  the  feed  caused  the  bottom  to  contract  and  to  be 
in  tension  from  the  sides  of  the  boiler  remaining  expanded  by  heat. 
In  all  constructions  of  boilers  the  most  effectual  remedy  for  the  evils 
attending  cold  feed  water  was  to  heat  the  feed  before  it  entered  the 
boiler,  and  to  disperse  it  gently  over  a  large  area  instead  of  delivering 
it  all  in  at  one  spot.  A  seam-rent  along  a  line  of  rivet  holes,  such  as 
was  seen  in  the  specimen  exhibited,  was  also  sometimes  caused  by 
bad  workmanship  in  the  construction  of  the  boiler,  the  rivet  holes 
not  being  made  to  correspond  with  sufficient  accuracy  in  the  two 
plates,  so  that  the  rivets  could  not  be  put  in  fairly  parallel  and  the 
holes  had  to  be  worked  with  a  drift,  whereby  the  iron  was  severely 
strained  and  small  cracks  were  liable  to  be  started  at  the  rivet  holes. 
The  upright  boilers  heated  by  puddling  furnaces  in  ironworks, 
surrounded  with  brickwork,  and  placed  in  the  busiest  part  of  the 
works  with  numbers  of  men  around,  seemed  as  if  specially  contrived 
for  doing  as  much  injury  as  possible  in  case  of  an  explosion.  When 
one  of  these  boilers  exploded,  it  sent  the  brickwork  flying  like  grape 
shot  in  every  direction ;  and  by  the  explosion  of  such  a  boiler'  he 
had  known  as  many  as  twenty-five  persons  killed  on  the  spot,  while 
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the  havoc  produced  was  fearfal.  These  boilers,  like  the  plain 
cylindrical  boilers,  were  indeed  quite  unmanageable  in  practice. 
The  flames  from  the  furnaces  impinged  direct  upon  the  boiler 
plates ;  for  although  there  might  be  a  screen  of  brickwork  at  the 
bottom  in  the  first  instance,  to  protect  the  plates  from  being 
overheated,  this  was  liable  to  fall  away  without  being  noticed,  or  even 
if  its  defective  condition  was  known  there  was  seldom  time  to  stop 
the  frimaces  for  repairing  it ;  and  the  flames  were  allowed  to  play  on 
the  plates  with  frill  force,  until  an  explosion  was  the  result  of  the 
consequent  injury  to  the  plates. 

Explosions  arising  from  the  collapse  of  internal  flues  could  be 
entirely  prevented  by  the  addition  of  the  external  strengthening 
hoops  that  had  been  already  referred  to ;  while  wasting  of  the 
boiler  plates  by  corrosion  could  be  detected  by  careful  inspection 
in  time  to  avert  the  danger.  In  connection  however  with 
explosions  arising  from  both  these  causes  it  too  frequently 
happened  that  the  blame  was  laid  upon  the  stoker,  when  he  was 
only  the  victim  and  not  the  cause  of  the  explosion.  An  instance  of 
this  sort  was  afforded  by  the  explosion  that  occurred  in  1865  at 
Abercarn  in  South  Wales,  which  was  stated  to  have  been  caused  by 
shortness  of  water,  and  the  blame  was  laid'  upon  the  engineman, 
whom  however  he  believed  to  be  quite  innocent  in  the  matter ;  for 
it  was  certain  that  the  explosion,  which  arose  through  the  collapse 
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the  safest.  Althougli  there  must  of  course  be  a  contest  between 
the  internal  flues  and  the  shell  of  this  boiler  from  their  different 
amounts  of  expansion,  yet  this  was  now  fully  understood,  and 
successfrdly  met  by  a  proper  mode  of  construction.  It  had  been  a 
difficulty  of  many  years'  standing,  but  was  now  fairly  overcome  and 
provided  for.  The  proper  way  to  construct  all  internal  flues  he 
considered  was  to  bend  the  plates  to  a  perfectly  true  circle,  and  weld 
the  longitudinal  joints  instead  of  rivetting  them,  so  as  to  avoid 
destroying  the  truth  of  the  circle  by  a  lap  joint ;  and  then  either 
to  add  strengthening  rings  of  T  iron  for  securing  the  tube 
against  collapse,  or  to  flange  the  plates  outwards  at  the  transverse 
circular  seams.  By  also  taking  care  to  secure  elasticity  in  the  end 
plates,  and  to  leave  sufficient  water  space  between  the  flues  and 
the  shell  of  the  boiler,  the  contest  between  them  from  difference  of 
expansion  was  so  far  diminished  as  to  be  practically  harmless, 
especially  when  the  length  of  the  boiler  did  not  exceed  28  feet ;  and 
the  boiler  should  be  so  set  that  the  flame  passed  first  xmder  the 
bottom,  afber  leaving  the  furnace  tube,  and  last  along  the  sides. 
With  this  mode  of  construction  the  thickness  of  the  plates  forming 
the  flues  might  safely  be  reduced  from  the  present  ^  inch  or 
7-16ths  inch  to  3-8ths  inch,  or  even  to  J  inch  if  steel  plates  were 
employed  for  the  purpose ;  by  this  means  the  flues  would  be  rendered 
lighter  and  less  rigid  in  the  longitudinal  direction,  and  the  thinner 
plates  would  be  less  liable  to  become  overheated,  in  consequence  of 
their  conducting  the  heat  more  rapidly  to  the  water.  Lancashire 
boilers  constructed  in  this  manner  could  be  safely  guaranteed 
from  year  to  year  to  continue  in  regular  working  without  risk 
of  explosion;  whilst  the  plain  cylindrical  boilers  and  other 
boilers  flred  externally  might  be  considered  liable  to  risk  from  day 
to  day. 

The  important  conclusion  therefore  derived  from  the  inspection 
of  boilers  in  working  and  the  investigation  of  all  cases  of  explosion 
was  that  boiler  explosions  were  not  unaccountable,  but  originated 
always  in  some  simple  cause  ;  and  their  prevention  was  not  beyond 
the  reach  of  engineering  science,  a  periodical  and  careful  inspection 
forming  an  essential  condition  for  attaining  the  desired  safety. 
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Mr.  C.  J.  Galloway  referred  to  the  plan  whicli  liad  been 
mentioned  of  strengthening  the  internal  flues  of  boilers  by 
transverse  conical  tubes,  placed  vertically  or  obliquely  across  the 
flues,  so  as  to  form  a  communication  between  the  water  above  and 
below  the  flues.  This  construction  he  thought  had  some  advantages 
over  the  external  T  iron  strengthening  rings,  as  the  transverse 
tubes  not  only  strengthened  the  flues  against  collapse,  but  also 
greatly  facilitated  the  circulation  of  the  water  and  thus  produced  a 
greater  equality  of  temperature  throughout  the  boiler,  whereby  the 
contest  arising  from  the  unequal  expansion  of  the  flues  and  shell 
was  mitigated.  At  the  same  time  the  additional  heating  surface 
aflbrded  by  the  conical  tubes  increased  the  evaporative  power  of  the 
boiler ;  and  the  tubes  had  been  found  quite  satisfactory  in  working. 

Mr.  L.  Olrick  remarked  that  the  very  interesting  and  useful 
paper  which  had  been  read  would  be  ftiUy  appreciated  by  all 
engineers,  particularly  as  it  contained  a  number  of  hints  based  upon 
the  practical  experience  acqtiired  by  the  author  from  an  extensive 
acquaintance  with  steam  boilers.  One  description  of  stationary 
boiler  which  had  been  alluded  to  in  the  paper,  but  had  not  come 
much  under  the  author's  practical  notice,  was  that  having  a  cluster 
of  small  vertical  tubes  suspended  over  the  fire,  for  the  purpose  of 
obtaining  the  greatest  possible  amount  of  heating  surface  immediately 
over  the  fire.  A  similar  construction  had  been  tried  some  years 
ago,  in  which  a  smaller  internal  tube  was  inserted  down  fche  centre 


BOILEB  EXPLOSIONS.  177 

of  tlie  cooler  water  into  the  central  tube,  whereby  a  constant  supply 
of  water  was  maintained  over  the  whole  of  the  heating  surfiice  of 
the  boiler.  The  result  of  this  arrangement  was  that  the  boiler  was 
exceedingly  efficient  in  rapid  evaporation,  and  in  the  steam 
fire-engines  provided  with  these  boilers  steam  was  got  up  from 
water  at  40°  or  50°  Fahr.  to  a  pressure  of  100  lbs.  in  7|  minutes. 
The  objection  that  had  been  urged  against  the  use  of  these  boilers 
for  ordinary  stationary  purposes  was  that,  on  account  of  the  very 
small  quantity  of  water  contained  in  them  in  proportion  to  the 
heating  surface,  they  could  not  be  worked  with  so  much  safety,  as 
any  shortness  of  water  in  the  tubes  over  the  fire  would  cause  them 
to  become  burnt,  and  an  explosion  would  ensue.  This  difficulty 
however  was  readily  obviated  by  employing  a  much  larger  water 
space  when  the  boiler  was  used  as  an  ordinary  stationary  boiler, 
and  it  then  worked  just  as  well  as  other  boilers  containing  a  large 
reservoir  of  water.  One  of  these  boilers  was  now  used  at  the 
St.  Katharine's  Dock,  London,  in  connection  with  Sir  Wm. 
Armstrong's  hydraulic  machinery;  it  occupied  a  ground  space  of 
only  6f  feet  diameter  and  was  about  12  feet  high,  and  it  evaporated 
60  cubic  feet  of  water  per  hour,  which  he  believed  was  more  work 
than  any  other  boiler  occupying  the  same  space  could  do.  In  this 
case  the  boiler  was  fed  with  the  water  from  the  dock,  which  wag 
exceedingly  dirty  and  partially  salt,  aiM  it  had  been  doubtful 
whether  the  boiler  would  keep  clean  in  working.  It  was  found 
however  that  all  the  dirt-  was  collected  with  the  scale  at  the  bottom 
of  the  water  jacket  provided  for  the  purpose,  which  surrounded  the 
firebox.  Such  a  boiler  might  be  pronounced  practically  safe  from 
explosion,  and  no  explosion  had  yet  occurred  with  any  of  the 
boilers  on  that  construction.  An  instance  had  occurred  however 
about  twelve  months  ago  with  another  of  these  boilers,  employed  at 
Messrs.  Siebe's  ice-machine  manufactory  in  London,  where  an 
explosion  or  collapse  of  the  internal  flue  must  inevitably  have  taken 
place  had  the  boiler  been  one  of  the  Cornish  type.  In  this  case  the 
height  of  the  water  in  the  gauge-glass  had  been  accidentally  mistaken, 
the  glass  being  thought  to  be  ftill  of  water  when  it  was  really  empty ; 
and  the   consequence  was    that    the    water   level   in   the   boiler 
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became  about  12  inches  lower  than  the  tnbeplate,  when  the  tubes 
over  the  fire,  which  were  made  with  their  bottoms  soldered  in, 
had  the  bottoms  of  some  of  them  burnt  out,  and  thus  acted  as  safety- 
plugs,  causing  the  fire  to  be  put  out  and  thereby  preventing  further 
injury.  This  construction  of  boiler  he  therefore  believed  to  be  not 
only  as  safe  but  even  safer  than  the  ordinary  Cornish  or  Lancashire 
boilers. 

For  the  purpose  of  preventing  over-pressure  of  steam  he  had 
endeavoured  to  increase  the  readiness  of  blowing  off  with  the 
ordinary  safety  valves  by  increasing  the  inclination  of  the  face  of 
the  valve  seating  to  the  valve  spindle  from  the  ordinary  slope  of 
45°  to  60° ;  but  he  had  found  the  valves  had  a  great  tendency  to 
stick,  and  in  some  instances  the  pressure'  in  the  boiler  had  risen 
to  as  much  as  100  lbs.  per  square  inch  when  the  valve  had  been 
set  to  blow  off  at  60  lbs.  He  had  also  tried  flat-faced  safety  valves 
having  an  annular  bearing  face  from  1-1 6th  to  l-8th  inch  wide, 
which  was  found  to  produce  an  improvement  in  preventing  so 
great  an  excess  of  pressure  in  blowing  off.  The  improved  safety 
valve  of  Mr.  Naylor  (see  Proceedings  Inst.  M.  E.  1865  page  220) 
he  had  found  to  be  very  efficient  in  preventing  over-pressure  of 
steam;  and  on  a  boiler  evaporating  60  cubic  feet  of  water  per 
hour  one  of  these  valves  of  2  inches  diameter  had  kept  the  steam 
pressure  from  rising  under  any  circumstances  more  than  1  lb.  above 
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to  the  very  high  evaporating  power  that  the  boiler  could  not  be  left 
unattended  even  for  a  few  minutes  without  risk  of  the  supply  of 
steam  becoming  deficient  and  injury  occurring  to  the  boiler  itself. 
Of  course  if  the  water  space  was  increased  to  the  same  extent  as  in 
ordinary  Cornish  or  Lancashire  boilers,  the  rapidity  of  evaporation 
would  be  proportionately  reduced,  and  would  no  longer  constitute 
as  at  present  the  principal  feature  of  these  water-tube  boilers.  With 
regard  to  the  different  constructions  of  boilers,  he  had  to  remark 
that  it  had  not  come  within  the  scope  of  the  paper,  as  a  record 
and  analysis  of  boiler  explosions,  to  recommend  any  particular 
construction  as  the  best  for  general  stationary  purposes ;  but  the 
preference  had  certainly  not  been  given  to  the  plain  cylindrical 
egg-ended  boiler,  the  disadvantages  of  which  had  been  pointed  out 
in  the  paper ;  while  at  the  same  time  the  double-flue  or  Lancashire 
boiler  had  not  been  passed  over  without  a  strong  commendation  on 
account  of  its  many  important  practical  advantages. 

In  reference  to  the  covering  of  boilers,  it  had  not  been  suggested 
in  the  paper  that  they  should  be  left  uncovered,  but  a  roof  had  been 
strongly  recommended  as  the  very  best  covering.  As  regarded  the 
use  of  sand  as  a  covering,  it  would  be  remembered  that  at  a  former 
meeting  of  the  Institution  sand  had  been  recommended  for  the 
purpose  by  Mr.  Henry  Marten  (see  Proceedings  Inst.  M.  E.  1856 
page  8)  ;  but  subsequent  experience  had  not  confirmed  the  favourable 
opinion  then  expressed,  and  some  boilers  that  had  been  covered  with 
sand  in  consequence  of  the  remarks  then  made  had  since  been  found 
so  much  injured  by  external  corrosion  that  their  tops  had  required 
renewal  after  only  five  years'  working.  Similar  corrosion  had  taken 
place  in  a  set  of  boilers  covered  with  ashes,  the  tops  of  which  had 
required  renewal  after  only  six  years'  working.  Other  instances 
of  the  extent  of  the  corrosion  both  with  sand  and  with  ashes  for 
the  covering  were  shown  in  the  specimens  exhibited  (Figs.  31  to 
34,  Plate  49).  The  internal  channelling  along  the  seams  of  a  boiler 
caused  considerable  trouble,  and  he  had  known  a  stationary  boiler 
grooved  along  every  seam  below  the  water  level  until  more  than 
half  the  thickness  of  the  metal  was  gone,  just  as  if  a  groove  had 
been  cut  out  of  the  plates  with  a  gouge. 
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No  reference  had  been  made  in  th0  paper  to  locomotiye  and 
marine  boilers,  becanse  his  own  experience  had  been  principally 
confined  to*  stationary  steam  boilers. 

The  Presidsnt  moved  a  vote  of  thanks  to  Mr.  Marten,  which 
was  passed,  for  his  valuable  paper,  and  the  great  amount  of  labour " 
he  had  bestowed  upon  its  preparation. 


The  following  paper  was  then  read  : — 
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DESCRIPTION  OF  THE  REMOVING  AND  REPLACING 
OP  THE  IRON  COLUMNS  IN  A  COTTON  MILL. 


By  Me.  WILLIAM  FAIEBAIRN,  of  Manchkstee. 


The  improvements  that  have  been  effected  in  the  machinery 
for  spinning  cotton  have  given  rise  to  new  conditions,  new  buildings, 
and  new  appliances,  to  meet  the  numerous  changes  that  have  taken 
place.  The  machinery  for  carding,  roving,  and  spinning,  has  been 
renewed  three  different  times  within  a  period  of  less  than  sixty 
years,  the  old  machines  having  been  three  times  removed  to  give 
place  to  others  of  a  more  improved  construction.  The  old  narrow 
buildings  of  former  days  have  consequently  proved  unequal  to 
present  wants,  and  it  has  been  necessary  either  to  alter  the  old 
mills  to  suit  the  new  machinery,  or  to  build  new  ones.  The  latter 
plan  was  occasionally  preferred ;  but  more  frequently  the  spinning 
rooms  of  the  old  mills  were  altered  so  as  to  suit  the  new  mules, 
which  from  their  increased  number  of  spindles  had  to  be  fixed 
in  the  longitudinal  direction,  instead  of  transversely  as  formerly. 

Immediately  after  the  invention  of  the  mule  by  Crompton,  or 
about  the  commencement  of  the  present  century,  a  cotton  mill 
45  feet  in  width  was  considered  of  proper  dimensions  for  mules 
of  360  to  400  spindles.  Two  of  these  mules  were  looked  upon  for 
many  years  as  the  correct  number  for  one  man  to  work ;  and  this 
might  have  been  continued  for  a  longer  period,  but  for  the  invention 
of  the  self-acting  mule  by  the  late  Mr.  Roberts  and  others,  which 
gave  a  new  impetus  to  the  spinning  process ;  and  in  place  of 
400  spindles  as  formerly,  the  mules  of  the  present  day  contain  from 
800  to  1000  spindles.  This  increase  in  the  length  of  the  mule 
required  a  corresponding  increase  of  width  in  the  mill ;  and  hence 
arose  the  tower-like  form  of  modern  cotton  factories,  having  as 
much  as  90  to  100  feet  and  in  some  cases  120  feet  width. 
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In  the  construction  of  modern  mills  no  difficulty  exists,  as  they 
are  built  to  suit  the  machinery ;  whereas  in  adapting  the  old  narrow 
buildings  to  the  new  mules  it  was  necessary  to  remove  the  old 
mules  and  place  the  new  ones  in  the  opposite  or  longitudinal 
direction  of  the  mill.  In  mills  with  wooden  floors  this  was  easily 
accomplished  by  removing  one  row  of  columns  to  admit  a  pair  of 
mules  in  the  middle ;  but  in  fire-proof  buildings  constructed  with 
iron  beams  and  brick  arches  the  greatest  possible  care  was  necessary 
to  be  observed  in  effecting  the  desired  alteration,  as  illustrated  in 
the  case  forming  the  subject  of  the  present  paper,  where  90  to 
100  tons  of  arches  and  machinery  had  to  be  supported  on  two 
columns  in  each  bay  of  a  building  eight  stories  high,  the  mill  being 
kept  working  during  the  whole  time  the  alterations  were  going  on. 

The  objection  to  this  operation  on  the  part  of  the  proprietors, 
Messrs.  McConnel  and  Co.,  was  that  the  columns  could  not  be 
removed  without  cutting  them,  which  might  incur  the  danger  of 
the  whole  of  the  floors  above  being  "brought  down  by  the  run." 
Each  column  had  in  fact  to  be  cut  in  two,  taken  entirely  out,  and 
new  ones  substituted  at  the  required  distances  apart.  As  the 
particulars  may  be  useful  and  interesting,  the  writer  offers  the 
following  description  of  the  process  by  which  this  object  was 
successfully  accomplished  under  his  directions. 
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admit  a  pair  of  mules  in  the  longitudinal  direction  down  the  middle 
of  the  room.  It  was  therefore  necessary  to  move  one  row  of 
columns  nearer  to  the  side  wall,  in  order  to  give  space  for  the  two 
centre  mules  to  work,  as  shown  at  A  in  the  transverse  section, 
Fig.  2.  The  other  mules  next  the  side  walls  had  quite  sufficient 
room,  with  the  addition  of  a  passage  B,  which  extended  along 
the  side  wall  the  whole  length  of  the  mill. 

In  the  process  by  which  these  alterations  were  effected  the  first 
consideration  was  how  to  support  the  ends  of  the  middle  beams  and 
arches  at  0  C,  Fig.  3,  Plate  57,  during  the  process  of  removing  the 
columns  from  under  them ;  and  also  how  to  support  the  middle  beam 
permanently  after  the  columns  had  been  removed.  This  could  not 
be  done  simultaneously  throughout  the  mill  when  at  work,  as  it 
would  have  involved  a  very  heavy  expense  to  support  the  ends  of  all 
the  middle  beams  at  once,  with  their  superincumbent  weight  of 
90  tons  of. brick  arches  and  machinery  upon  each.  Moreover  it 
was  essential  that  only  one  pair  of  the  old  mules  should  be  stopped 
at  one  time,  and  only  during  the  operation  of  fixing  the  new 
columns  at  D  D  and  cutting  out  the  old  ones  at  C  C. 

The  first  thing  to  be  done  therefore  was  to  prepare  the  new 
columns  with  their  projecting  brackets  of  sufficient  length  to  reach 
beyond  the  ends  of  the  wall  beams,  so  as  to  support  the  ends  of  the 
middle  beams  at  C  C  after  the  old  columns  were  removed.  As  it 
was  impossible  however  to  remove  that  part  of  the  column  which 
went  through  the  beams,  it  was  necessary  first  to  fix  the  new 
columns  under  the  wall  beams  at  D,  and  subsequently  to  cut  out  the 
old  ones  progressively  as  the  work  advanced  from  one  end  of  the 
room  to  the  other.  The  brackets  on  the  new  columns  were  made 
to  project  to  about  the  same  extent  on  both  sides ;  but  as  they 
could  not  be  extended  the  whole  length  on  the  side  next  the 
original  columns  until  the  latter  had  been  cut  out  and  removed,  the 
bracket  intended  for  supporting  the  end  of  the  middle  beam  was 
left  12  inches  short,  so  as  to  leave  sufficient  space  for  attaching  the 
apparatus  for  cutting  out  the  old  column  ;  and  a  loose  end  was 
afterwards  bolted  on,  as  shown  at  E,  Fig.  3,  Plate  57,  which  was 
made  to  fit  the  stump  end  of  the  old  column  after  the  column  had 
been  neatly  cut  off  and  removed. 
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Before  remoying  the  old  colamns,  it  was  requisite  to  fix  the  new 
ones  and  make  all  the  floors  secure  from  bottom  to  top.  *  This 
would  haVe  been  comparatively  an  easy  task  provided  the  new 
columns  had  gone  down  to  the  bottom  for  foundations ;  but  that 
was  impracticable,  as  the  two  bottom  rooms  which  contained  the 
preparation  machinery  were  not  to  be  disturbed :  the  six  floors 
H-bove,  which  contained  the  mules,  being  those  only  that  required 
alteration.  The  base  of  the  new  line  of  columns  was  therefore 
supported  from  the  room  F  above  the  ground  floor.  Fig.  2,  so  as 
not  in  any  way  to  interfere  with  the  machinery  below.  Strong 
hollow  wrought-iron  beams  G  were  fixed  immediately  under  the 
cast-iron  wall  beams  in  the  room  F,  and  upon  these  were  raised  the 
new  lines  of  columns  through  six  floors  to  the  top  of  the  mill.  One 
end  of  each  beam  G  was  fixed  in  the  wall,  and  the  other  on  a 
casting  at  H,  Fig.  3,  which  embraced  the  column  and  transmitted 
the  weight  of  the  superincumbent  arches  to  those  below. 

The  new  columns  having  thus  been  fixed  in  their  places,  the 
next  process  was  to  put  a  temporary  prop  under  the  middle  beam, 
to  support  the  arch  above  and  to  give  room  for  cutting  out  the 
column  before  the  loose  end  of  the  bracket  could  be  attached  for  the 
final  support  of  the  middle  beam.  In  this  way,  working  from  the 
top  story  downwards,  as  shown  in  Fig.  3,  the  process  of  cutting  out 
the  columns  was  entirely  free  from  risk ;  for  instead  of  supporting 
the  whole  of  the  arches  in  two  bays  from  top  to  bottom  of  the  mill. 
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carries  the  cutter  J.  The  wheel  is  driven  by  the  worm-shaft  and 
pulley  M,  which  receives  motion  from  one  of  the  driving  shafts  N, 
Fig.  3,  in  each  room.  The  shank  of  the  cutter  is  screwed  to  receive 
the  ratchet-nut  P,  and  by  means  of  the  finger  Q  the  cutter  receives  - 
the  required  advance  equivalent  to  the  thickness  of  the  cut  every 
time  the  ratchet  passes  the  finger.  The  screwed  shank  of  the 
cutter  J  is  planed  dowii  flat  on  the  top  and  bottom  sides,  as  shown 
in  Fig.  4,  so  as  to  hold  the  tool  from  turning  in  its  socket. 

By  this  means  the  column  was  quickly  cut  through  at  the  top ; 
and  the  width  of  the  cut  being  sufficient  to  allow  of  the  column 
being  then  canted  enough  for  drawing  the  head  from  under  the 
stump  end  cut  off",  the  column  was  lifted  out  of  the  socket  at  bottom 
and  removed.  The  loose  end  of  the  bracket  having  then  been 
inserted  with  two  strong  bolts,  as  shown  at  E,  Fig.  3,  the  end  of  the 
middle  beam  was  thus  supported  with  the  same  security  as  if  the 
original  column  had  never  been  disturbed. 


Mr.  Fairbairn  remarked  that  the  operation  of  removing  the 
columns  as  described  in  the  paper  had  appeared  rather  hazardous  at 
first,  as  it  had  to  be  done  while  300  persons  were  at  work  in 
the  mill,  and  the  weight  of  the  iron  girders  and  brick  arches 
forming  the  floors  amounted  to  90  tons  altogether.  The  work  had 
however  been  performed  with  great  care,  taking  one  floor  at  a  time 
and  proceeding  from  the  top  downwards ;  and  he  believed  the 
building  was  quite  as  safe  now  as  before  the  alteration. 

The  President  moved  a  vote  of  thanks  to  Mr.  Fairbairn  for  his 
paper,  which  was  passed. 


The  following  paper  was  then  road  : — 
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ON  AN  IMPROVED  MODE  OF 
MANUFACTURE   OF   STEEL  TYRES. 


By  Me.  JOHN  EAMSBOTTOM,  of  Crewe. 


In  designing  the  mode  of  mannfactnre  of  Steel  Tyres  forming 
the  subject  of  the  present  paper,  the  object  aimed  at  by  the  writer 
was  to  reduce  the  waste  of  material  in  the  process  to  so  small  an 
amount  as  to  leave  its  eflfect  insignificant  upon  the  cost  of  production, 
and  upon  the  calculation  of  the  weight  of  ingot  required  for 
producing  a  tyre  of  given  dimensions.  Another  object  was  to 
reduce  the  time  of  manufacture,  thereby  reducing  the  proportionate 
cost  of  plant  by  turning  out  more  work  in  the  same  time. 

The  ingots  are  made  from  Bessemer  steel,  cast  into  the  moulds 
shown  in  Figs.  1  and  2,  Plate  59.  They  are  in  the  form  of  a  cone, 
22  inches  diameter  at  the  base  and  22  inches  height,  the  comers 
at  the  base  being  rounded  off.  The  apex  of  the  cone  is  cut  off 
at  6  inches  diameter,  and  forms  the  opening  for  filling  the  mould. 
This  is  the  size  of  ingot  for  making  a  5  feet  tyre,  as  shown  in 
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The  bottom  is  4  inclies  thick  in  the  centre,  and  is  protected  from 
cracking  by  a  wronght-iron  hoop  B  shrunk  round  the  outer  edge. 
The  centre  of  the  base  of  the  mould  is  made  of  fireclay,  by  inserting 
a  plug  C  into  a  tapered  hole  in  the  bottom,  to  prevent  the  cast-iron 
bottom  from  being  injured  and  burnt  away  by  the  stream  of  melted 
steel  when  poured  into  the  mould  at  the  top.  This  fireclay  plug  is 
readily  renewed  when  required,  being  made  from  the  worn  out 
tuyeres  of  the  Bessemer  converting  vessel. 

As  soon  as  the  ingot  can  be  removed  from  the  mould  it  is 
reheated  and  then  hammered  laterally  and  endways  in  the  manner 
shown  in  Pigs.  3  to  6,  Plates  60  to  62.  The  hammering  is  done  by 
the  10  ton  horizontal  duplex  hammer  shown  in  the  drawings,  the 
two  hammer  heads  D  and  E  weighing  each  10  tons,  and  moving 
borizontally  towards  each  other.  The  cone  is  first  hammered 
laterally  all  round  its  lower  edge,  as  shown  in  Figs.  3  and  5,  the 
object  being  to  consolidate  the  skin  of  the  metal  and  prevent  cracking 
dnring  the  subsequent  processes.  The  ingot  is  supported  during 
the  hammering  by  a  carriage  F  specially  constructed  for  the  purpose 
of  allowing  the  ingot  to  be  rotated  whilst  being  hammered.  This 
carriage  is  made  of  boiler  plate,  mounted  upon  a  cast-iron  base- 
plate G ;  and  the  base-plate  rests  upon  the  centre  bearings  J  J  below, 
upon  which  it  has  a  slight  rocking  motion,  allowing  the  ingot  to  be 
adjusted  between  the  two  hammer  faces,  so  as  to  secure  the  uniform 
action  of  the  hammers  upon  it.  The  hand-lever  H  H  connected 
with  the  base-plate  Gr  is  held  by  the  attendant  during  working,  for 
adjusting  the  position  of  the  ingot  between  the  hammer  heads.  In 
hammering  the  ingot  laterally,  the  two  wrought-iron  swage  blocks  1 1, 
Fig.  3,  are  attached  to  the  hammer  heads ;  and  a  small  turntable  K, 
Figs.  3  and  5,  supports  the  ingot  at  the  top  of  the  carriage  F, 
allowing  it  to  be  rotated  horizontally  between  each  blow,  by  means 
of  a  fork  which  lays  hold  of  the  ingot  like  a  spanner.  This  turntable 
is  carried  on  a  vertical  centre  pin,  dropped  into  a  cast-iron  socket ; 
and  it  is  lifted  out  when  the  side  hammering  of  the  cone  is 
completed. 

The  ingot  is  then  canted  over  on  its  side,  and  hammered  in  the' 
direction  of  its  axis,  as  shown  in  Figs.  4  and  6,  until  it  is  reduced  to 
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9  inches  height,  as  shown  in  Fig.  15.  The  hammer  head  D,  which 
acts  npon  the  apex  of  the  cone  during  this  process,  is  narrower 
than  the  other  head,  and  has  the  effect  of  spreading  out  the 
narrow  apex  more  effectually  than  wonld  otherwise  be  the  case. 
In  this  position  the  cone  rests  npon  the  fonr  rollers  L  L  and  M  M 
contained  in  the  body  of  the  carriage  F.  Two  of  these  rollers  M  M, 
carrying  the  large  end  of  the  ingot,  are  10  inches  diameter  by 
9  inches  length  and  1  inch  tapered,  and  remain  fixed  in  position. 
The  other  two  rollers  L  L  are  9  inches  diameter  and  1 J  inch  thick, 
and  are  carried  in  a  cast-iron  frame  which  slides  vertically  within 
wrought-iron  guides,  and  is  supported  by  a  long  wrought-iron 
wedge  N,  Figs.  5  and  6.  This  wedge,  which  is  7  feet  10  inches  long, 
is  driven  home  at  the  commencement  of  the  hammering,  and  is 
gradually  drawn  out  so  as  to  lower  the  supporting  rollers  by  degrees, 
and  accommodate  their  height  to  the  increasing  diameter  of  the 
centre  of  the  ingot  during  the  hammering.  The  rate  of  withdrawing 
the  wedge  N  is  regulated  by  the  attendant,  who  has  thus  complete 
fiswility  for  adjusting  the  ingot  constantly  to  its  true  level  between 
the  two  hammers  with  as  great  accuracy  as  if  he  were  holding  it  by 
hand.  The  taper  in  the  two  fixed  rollers  M  M,  Fig.  4,  allows  for 
the  slight  increase  in  diameter  of  the  base  of  the  ingot,  which 
advances  downwards  towards  the  small  ends  of  the  rollers  as  the 
hammering  proceeds.     The  ingot  is  continually  turned  round  upon 
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tli«  other  side,  this  process  being  repeated  until  the  hole  in  the 
bloom  is  enlarged  on  both  sides  to  the  size  of  the  base  of  the  conical 
pnnch,  as  shown  in  Fig.  16.  The  flat  hammer  face  P,  which  is 
prolonged  on  each  side  of  the  pnnch,  as  shown  in  Fig.  7,  then  acts 
upon  the  bloom,  and  hammers  it  down  in  thickness,  the  bloom  being 
tnmed  ronnd  horizontally  between  each  blow.  By  this  means  the 
bloom  is  brought  to  81  inches  diameter  and  5|  inches  thickness, 
with  a  centre  hole  11  inches  diameter  in  the  middle,  as  shown  in 
Fig.  17.  The  anvil  block  Q  is  made  with  a  hole  all  down  the 
centre,  large  enough  to  give  clearance  to  the  punch  in  its  lowest 
position,  as  shown  in  Fig.  9 ;  but  in  order  to  prevent  the  centre 
portion  of  the  bloom  from  being  driven  down  into  this  hole  at  the 
commencement  of  the  work,  the  hole  is  at  first  contracted  in  size  by 
a  steel  ring  Ei,  Figs.  8  and  10,  dropped  into  a  recess  at  the  top. 
This  ling  is  afterwards  removed  when  the  punching  of  the  hole  has 
been  partly  completed  on  one  side  of  the  bloom. 

In  order  to  aflbrd  facility  for  turning  the  bloom  over  qtiickly 
npon  the  anvil  of  the  punching  hammer,  a  swing  frame  S  is 
employed  having  two  centre  screw  pins,  which  seize  the  bloom 
a  little  below  its  centre  of  gravity.  These  screws  are  tightened  up 
by  hand  for  laying  hold  of  the  bloom,  and  after  it  has  been  turned 
over  they  are  slackened  back  again,  and  the  swing  frame  lies  on  the 
ground  out  of  the  way  during  the  hammering.  When  in  use  the 
outer  end  of  the  swing  frame  is  connected  by  a  chain  to  the  hammer 
head,  as  shown  in  Fig.  7,  so  that  the  frame  and  bloom  are  lifted  by 
the  hammer,  and  the  bloom  turns  over  by  its  own  weight,  thus 
requiring  no  crane.  During  the  hammering  the  bloom  is  turned 
round  horizontally  upon  the  anvil  by  means  of  ordinary  pinch 
bars. 

The  next  operation  is  hammering  out  the  bloom  edgeways,  in 
order  to  enlarge  the  centrerhole,  which  is  done  upon  the  beck  anvil 
43hown  in  Figs.  11  to  13,  Plates  65  and  66.  The  side  of  the  anvil  T 
is  inclined  at  20**  to  the  vertical ;  and  the  beck  iron  U,  which  stands 
out  at  81**  to  the  side,  projects  10  inches  and  is  11^  inches  diameter 
at  the  base.  The  bloom  is  rotated  vertically  between  each  blow  of 
the  hammer  by  means  of  a  pinch  bar  V,  Fig,  12,  suspended  by  a 
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cliain  from  the  top  of  the  hammer  fi-aihing.  After  the  hammering 
on  the  beck  is  finished,  the  bloom  is  laid  flat  on  the  top  of  the  anvil 
and  hammered  all  ronnd,  as  shown  in  Fig.  13,  whereby  the  slight 
increase  of  width  produced  by  the  spreading  on  the  beck  is 
hammered  down  to  the  final  width  of  5f  inches,  as  shown  in  Fig.  18, 
Plate  ^7.  After  the  completion  of  each  process,  any  cracks  which 
may  appear  on  the  sur&ce  of  the  metal  are  chipped  ont. 

By  this  hammering  the  bloom  is  brought  to  34  inches  diameter, 
with  the  centre  hole  19  inches  diameter ;  and  it  is  then  finished  in 
the  circular  rolling  mill,  the  well-known  ingenious  invention  of 
Mr.  Both  well  Jackson,  one  of  the  Members  of  the  Institution,  which 
brings  the  bloom  to  the  form  and  dimensions  of  the  finished  tyre, 
as  shown  in  Fig.  19,  by  rolling  it  at  the  same  time  both  outside  and 
inside  without  altering  the  width.  This  machine  completes  the 
rolling  of  the  bloom  into  a  finished  tyre  at  one  heat,  the  time 
occupied  being  about  h\  minutes  in  the  rolling  machine. 


The  whole  of  the  above  process  for  the  manufacture  of  the  tyre 
is  effected  in  four  heats  after  the  original  casting  of  the  ingot,  which 
is  taken  from  the  mould  as  soon  as  the  metal  has  set,  and  is  then 
reheated  for  the  first  time  before  being  taken  to  the  horizontal 
duplex  hammer.  The  second  heat  is  in  preparation  for  the  punching 
of  the  centre  hole,  after  which  the  bloom  is  again  reheated  for  the 
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This  iriode  of  manufacture  of  tyres  allows  of  all  the  material  in 
the  original  ingot  being  used  up  in  the  finished  tyre ;  a  very  trifling 
amount  of  metal  alone  is  punched  out  in  first  forming  the  centre 
hole,  and  the  material  is  afterwards  simply  displaced  laterally  and 
gradually  worked  outwards  from  the  centre,  as  the  hole  is  expanded 
from  the  beginning  to  the  end  of  the  process.  .  The  top  of  the 
conical  ingot,  instead  of  being  cut  oflP  as  a  crop  end  of  the  full 
area  of  the  ingot,  as  in  the  ordinary  mode  of  manufacture  from  a 
parallel  ingot,  is  reduced  to  only  6  inches  diameter,  which  being  in 
the  centre  of  the  ingot  is  at  the  part  worked  through  by  the  punch, 
and  remains  at  ;bhe  inner  side  of  the  finished  tyre,  thus  avoiding 
any  risk  of  affecting  the  wearing  face  of  the  tyre.  As  another 
consequence  of  the  very  small  area  of  the  top  of  the  ingot,  the 
covering  plate  required  in  cdsting  is  so  small  and  so  thin  that  it  is 
lost  in  the  first  reheating  furnace  by  oxidation. 

The  saving  of  waste  of  material  in  this  mode  of  manufacturing 
steel  tyres  has  the  important  advantage  not  only  of  reducing  the 
cost  of  manufacture,  but  also  of  allowing  the  total  quantity  of  metal 
to  be  adjusted  beforehand  with  great  accuracy  for  the  required 
size  of  tyre.  Thus  the  6  feet  tyres,  the  size  to  which  the  dimensions 
of  ingot  previously  given  apply,  are  made  from  an  ingot  weighing 
8  cwts.,  and  the  weight  of  the  tyre  finished  from  the  rolls  is  a 
little  more  than  7^  cwts. ;  so  that  the  total  loss  by  reheating  in  the 
process  of  manufacture  is  only  8  per  cent.  The  required  weight  of 
ingot  can  therefore  be  calculated  and  provided  for  any  given  size  of 
tyre ;  and  the  form  of  the  ingot  with  the  small  area  at  top  ensures 
a  degree  of  uniformity  not  otherwise  attained  in  the  weight  of  the 
castings,  as  the  whole  extent  of  variation  possible  in  the  height 
of  the  ingot  cannot  cause  any  appreciable  difference  in  the  size  of 
the  finishedJiyre. 

By  this  mode  of  manufacture  of  the  tyres  it  will  be  seen  that  a 
very  large  amount  of  work  is  put  into  the  ingot  by  the  successive 
hammerings,  before  it  enters  the  final  rolling  mill ;  and  the  effect 
of  this  in  the  writer's  opinion  is  to  cause  a  very  considerable 
improvement  in  the  quality  of  the  tyres,  rendering  the  metal  mild 
,and  tough  in  a  remarkable  degree.      The  broken  tyre  that  was 
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exhibited  to  the  Members,  when  visiting  Crewe  yesterday,  required 
nine  blows  from  a  weight  of  21 J  cwts.  falling  from  a  height  of 
22|  feet  to  break  it. 


Colonel  Kennedy  was  sure  all  the  Members  had  been  highly 
gratified  by  the  excellent  opportunity  afforded  them  on  the  previous 
afternoon  of  witnessing  the  manufacture  of  the  steel  tyres  at  the 
Crewe  Steel  Works,  and  seeing  the  very  admirable  manner  in 
which  the  whole  of  the  operations  were  there  carried  out  for  the 
manufacture  of  locomotive  work,  together  with  the  many  important 
improvements  that  had  been  introduced.  From  the  very  valuable 
paper  that  had  been  read  it  would  be  seen  with  what  complete 
success  the  Bessemer  process  had  now  been  applied  to  the 
manufacture  of  tyres  ;  and  he  should  be  glad  to  know  some  ftirther 
particulars  respecting  the  durability  of  the  steel  tyres  in  comparison 
with  the  best  iron  tyres,  as  he  had  always  expected  the  material 
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iiesitation  in  adopting  the  Bessemer  steel  tyres  if  the  cost  were 
anything  like  as  much  as  that  of  the  cast  steel  tyres  made  of 
crucible  steel,  costing  about  £35  per  ton.  It  was  not  any  question 
of  the  quality  of  the  steel  tyres  which  retarded  their  adoption  for 
railway  carriages  and  wagons,  but  solely  a  matter  of  reduction  of 
cost,  as  there  appeared  no  reason  to  doubt  that  the  steel  tyres  would 
have  an  advantage  in  durability  over  the  present  iron  tyres.  At  the 
present  time  however,  both  in  this  and  other  countries,  it  was 
the  exception  and  not  the  rule  to  have  steel  tyres  ;  and  a  veiy 
considerable  reduction  in  cost  must  take  place  before  steel  tyres 
could  be  genei'ally  introduced.  There  seemed  some  reason  to 
anticipate  such  a  reduction  in  the  course  of  a  few  years'  time,  as  far 
as  could  be  inferred  from  the  case  of  the  Bessemer  steel  rails,  the 
cost  of  which  had  originally  been  as  much  as  £18  per  ton,  but  was 
now  reduced  to  only  £12  per  ton.  The  actual  mileage  of  the  steel 
tyres  in  comparison  with  iron  tyres  was  another  point  upon  which 
the  general  adoption  of  the  steel  tyres  would  depend,  and  this 
required  to  be  very  thoroughly  ascertained.  He  suggested  that  the 
adoption  of  steel  tyres  for  carriages  and  wagons  would  be  very 
materially  accelerated  if  it  were  possible  to  combine  a  steel  face  with 
a  scrap-iron  back  in  the  tyres,  whereby  the  cost  would  be  greatly 
reduced  below  the  present  amount  of  £35  per  ton  for  steel  tyres, 
and  would  more  nearly  approximate  to  the  cost  of  £22  per  ton  for 
best  iron  tyres. 

Mr.  Eamsbottom  replied  that  he  had  great  reason  to  be  satisfied- 
with  the  results  thus  far  obtained  from  the  adoption  of  the  Bessemer 
steel  tyres  for  locomotive  engines  and  tenders ;  he  had  become 
convinced  previously  that  this  material  was  the  right  one  and 
completely  safe  for  such  purposes,  having  himself  tested  it  in  a 
variety  of  ways,  both  for  axles,  piston  rods,  and  other  purposes ; 
and  he  had  therefore  felt  no  hesitation  in  recommending  that  the 
necessary  plant  should  be  put  down  for  producing  the  Bessemer 
«teel  and  manufacturing  the  tyres,'  having  satisfied  himself  that  a 
saving  would  be  effected  by  the  use  of  the  steel  tyres,  and  that  it 
would  be  so  far  advantageous  to  manufacture  them  at  the  locomotive 
works  at  Crewe. 
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In  the  production  of  the  meta]  in  the  converting  vessel,  he 
had  followed  Mr.  Bessemer's  instractions  very  closely ;  bat  in  the 
subsequent  treatment  of  the  bloom  he  had  departed  from  the  beaten 
track  by  introducing  the  horizontal  duplex  hammer,  together  with 
the  other  special  modes  of  roughing  down  the  tyres  into  shape 
before  rolling,  which  had  been  described  in  the  paper  and  seen  by 
the  Members  on  the  previous  day,  whereby  the  amount  of  labour 
expended  upon  the  manufacture  of  the  tyres  was  much  reduced, 
while  the  work  put  into  them  was  largely  increased  by  the  great 
amount  of  effective  hammering  that  the  bloom  underwent.  For  the 
suggestion  of  the  fireclay  plug  in  the  centre  of  the  bottom  of  the 
casting  mould  he  was  indebted  to  his  assistant,  Mr.  Webb  ;  this  was 
found  very  advantageous,  and  he  thought  the  same  plan  might  be 
adopted  with  advantage  in  other  moulds,  particularly  where  the 
melted  metal  had  to  fall  from  some  height  upon  the  bottom  of  the 
mould,  so  as  to  allow  of  that  part  of  the  bottom  being  readily  renewed 
when  it  became  worn:  In  reference  to  the  hammering  on  the  beck 
anvil,  an  improvement  was  now  being  made  which  he  expected 
would  supersede  the  beck  hammer  altogether,  and  reduce  the  time 
of  that  part  of  the  process  from  about  fifteen  minutes  as  at 
present  to  probably  not  more  than  about  two  minutes ;  the  whole 
operation  being  performed  by  a  machine  which  he  had  designed  for 
the  purpose.  The  present  method  of  hammering  on  the  beck  iron 
had  first  been  brought  under  bis  notice  by  Mr.  Allen  of  the  Bessemer 
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doubt  that  the  new  tyres  would  last  for  a  very  much  longer  mileage 
than  the  best  Yorkshire  tyres,  and  if  not  actually  equal  to  Krupp*s 
tyres  would  certainly  approach  them  very  nearly  in  durability.  He 
had  not  used  any  tyres  made  with  a  scrap-iron  back  and  steel 
wearing  face,  such  as  had  been  suggested,  and  had  not  yet  applied 
the  steel  tyres  to  carriages  and  wagons,  as  the  whole  productive 
powers  of  the  works  had  hitherto  been  fally  occupied  with  the 
manufacture  of  locomotive  tyres  alone ;  but  it  was  intended 
ultimately  to  carry  out  the  same  system  for  supplying  the  whole  of 
the  rolling  stock  with  the  steel  tyres.  For  securing  the  tyre  to  the 
wheel  a  number  of  modes  had  been  tried,  and  he  had  now  five 
different  methods  in  operation,  which  were  being  watched  in  order 
to  determine  the  best  plan ;  and  his  present  opinion  was  that  the 
ordinary  attachment  by  means  of  rivets  through  the  tread  of  the 
tyre  would  be  found  to  outlast  all  the  others. 

The  great  object  which  he  had  had  in  view  in  adopting  the 
Bessemer  steel  for  tyres  and  carrying  out  the  mode  of  manufiicture 
described  in  the  paper  had  been  to  obtain  tyres  of  a  mild  quality  of 
steel,  which  could  be  thoroughly  relied  upon  for  safety  in  running, 
as  he  considered  it  was  of  primary  importance  to  look  very  closely 
to  the  question  of  safety  for  working  in  the  manufacture  of  every 
portion  of  railway  I'oUing  stock.  A-  practical  proof  of  the  safety  of 
the  Bessemer  steel  tyres  was  famished  by  the  tyre  exhibited  to  the 
Members  at  Crewe  on  the  previous  afternoon,  which  had  required 
the  very  severe  treatment  described  in  the  paper  in  order  to  break 
it.  Another  of  the  tyres  had  been  even  more  severely  tested,  and 
the  value  of  the  test  would  be  readily  understood  by  all  in  the  habit 
of  working  steel.  This  tyre  was  a  defective  one,  which  had  been 
made  in  one  of  the  earlier  experiments  on  the  manufacture  of  the 
steel  tyres,  and  it  was  very  much  cracked  about  the  flange.  It  was 
first  tested  at  a  dull  red  heat  upon  the  ordinary  tyre-blocking  press 
by  hydraulic  pressure;  and  this  failing  to  produce  any  perceptible 
stretching,  it  was  subsequently  heated  to  a  bright  red  heat  and 
dropped  tight  upon  a  cast-iron  block,  and  then  suddenly  quenched 
with  cold  water  to  make  it  shrink,  violently;  but  even  by  this 
treatment  the  tyre  was  not  broken,  though  it  was  stretched  about 
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f  inch  in  circumference.  From  these  results  he  was  confident  that 
the  Bessemer  steel  tyres  of  this  mild  quality  were  much  better  and 
safer  than  the  best  description  of  welded  iron  tyres ;  and  quite  as 
safe  as  weldless  tyres  of  any  description,  whether  iron  or  steel, 
irrespective  of  the  mode  of  fastening  the  tyre  on  the  wheel.  The 
aim  in  adopting  the  Bessemer  tyres  had  not  been  so  much  to  obtain 
the  highest  scientific  results,  as  the  best  commercial  results, 
making  safety  in  running  the  first  consideration  and  keeping  also 
in  view  the  question  of  practical  economy ;  and  it  was  quite  possible 
consequently  that  the  material  which  was  found  so  suitable  for  the 
tyres  might  not  be  so  well  adapted  for  other  first-class  engineering 
purposes  as  the  best  crucible  cast  steel. 

Mr.  F.  J.  Bramwell  remarked  that  the  test  which  had  been 
mentioned,  of  heating  one  of  the  steel  tyres  and  shrinking  it  on 
a  cold  solid  block  of  cast  iron,  would  be  Mly  appreciated  as  a 
most  satisfiictory  demonsh'ation  of  the  thorough  safety  under  all 
circumstances  of  tyres  made  of  that  material  in  the  manner  described 
in  the  paper* 

Mr.  W.  Fairbaibn  enquired  what  had  been  the  experience  in  the 
manufacture  of  the  Bessemer  steel  tyres  as  to  the  uniformity  in  the 
quality  of  the  material  from  which  they  were  made.  The  difficulty 
attending  the  Bessemer  process  was  not  the  actual  production  of 
the  steel,  but  its  production  with  sufficient  uniformity  of  character, 
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thought  it  could  now  be  fairly  met  by  the  results  of  experience. 
In  dealing  with  iron  there  was  a  wide  range  of  quality,  and  almost 
as  great  a  range  was  found  in  steel.  But  comparing  the  Bessemer 
steel  with  crucible  steel,  the  former  was  Hable  to  a  less  extent  of 
rariation  in  quaUty  than  the  latter,  while  the  gradations  of  quahty 
were  as  clearly  discernible;  and  therefore  at  least  as  near  an 
approach  could  be  made  to  uniformity  in  the  quality  of  the  Bessemer 
steel  as  in  crucible  steel.  He  had  indeed  met  with  tyres  made  of 
crucible  steel  which  had  proved  so  hard  that  it  had  been  almost 
impossible  to  turn  them;  but  in  his  opinion  this  was  much 
less  likely  to  happen  with  the  Bessemer  steel.  In  the  case  of 
iron  plates  for  boilers  and  other  purposes,  uniformity  of  strength 
might  easily  be  ensured  by  rolling  the  plates  rather  larger 
than  was  required,  and  having  a  piece  cut  off  each  separate  plate 
and  tested ;  bt^  for  many  purposes,  such  as  girders,  he  thought 
plates  of  Bessemer  steel  would  be  safer  and  stronger  than  iron 
plates,  on  account  of  the  soft  and  tough  quaUty  of  the  material. 
In  connection  with  this  point  too  little  attention  he  thought 
was  paid  to  the  change  of  form  occurring  under  strain,  as  a 
criterion  of  the  practical  value  of  any  material,  and  to  the 
amount  of  work  that  must  be  expended  in  producing  this  change 
of  form  before  fracture  could  be  effected.  An  illustration  was 
afforded  by  the  fact  that  a  steel  bar  12  inches  long  and  requiring 
a  tensile  strain  of  15  tons  per  square  inch  to  break  it  might  be 
elongated  only  J  inch  before  breaking,  whilst  an  iron  bar  of  the 
same  length  and  requiring  only  half  the  tensile  strain  per  square 
inch  to  break  it  might  undergo  three  or  four  times  as  much 
elongation  before  breaking ;  and  in  like  manner,  to  burst  a  bottle 
of  lead  by  hydraulic  power  would  require  more  work  to  be  expended 
in  pumping  than  to  burst  a  glass  bottle  of  the  same  dimensions ; 
and  the  case  was  similar  in  regard  to  strains  of  compression.  Thus 
a  material  which  was  the  weaker  in  respect  of  its  ultimate  breaking 
strain  might  in  one  sense  be  the  stronger ;  and  hence  the  value  ot 
toughness  in  the  material  employed  for  such  purposes  as  girders  and 
boiler  plates. 
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The  President  moved  a  vote  of  thanks,  which  was  passed,  io 
Mr.  Ramsbottom  for  his  paper,  and  for  the  excellent  opportunity 
afforded  to  the  Members  on  the  previons  afternoon  of  witnessing 
the  whole  process  of  the  manufacture  of  the  steel  tyres  at  the 
Crewe  works. 


The  following  paper  was  then  read : — 
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ON  MACHINERY  FOR  THE 
PREPARING  AND  SPINNING  OP  COTTON. 


Bt  Me.  JOHN  PLATT,  op  Oldham. 


The  object  of  the  present  paper  is  to  trace  the  principal 
mechanical  steps  by  which  the  application  of  machinery  to  Cotton 
Spinning  has  been  developed,  and  which  have  led  to  the  completion 
of  the  present  elaborate  machines,  so  remarkable  for  the  perfection 
of  the  resnlts  produced  by  them.  The  modem  machines  are  in  fact 
formed  of  a  combination  of  nnmerons  highly  ingenious  contrivances, 
which  have  been  successively  designed  to  meet  the  special  difficulties 
of  dealing  by  machinery  with  so  delicate  and  irregular  a  material  as 
the  raw  cotton  fibre. 

The  process  of  spinning  involves  three  essential  and  distinct 
operations : — 

First,  Drawing^ — in  which  the  fibres  of  the  raw  material  are 
drawn  out  longitudinally,  so  as  to  lay  them  all  parallel  with  one 
another  and  overlapping  at  the  ends ;  as  is  done  by  the  fingers  of  the 
hand  spinner  for  forming  a  continuous  sliver  out  of  the  short 
fibres  lying  irregularly  in  the  bundle  that  is  tied  upon  the  distaff. 

Second,  Twisting^ — in  which  the  sliver  previously  formed  is 
twisted  into  a  roving  or  thread,  for  giving  it  longitudinal  tenacity 
by  increasing  the  lateral  friction  between  the  fibres ;  as  is  done  by 
the  hand  spinner  by  twirling  the  bobbin  on  which  the  portion  of 
thread  already  twisted  has  been  wound. 

Third,  Winding,— -m  which  each  portion  of  the  thread,  after  it 
has  been  sufficiently  twisted,  is  wound  upon  the  bobbin. 

In  the  application  of  machinery  to  the  performance  of  these 
operations,  the  great  difficulties  experienced  have  arisen  from  the 
irregular  character  of  the  cotton  fibre  on  the  one  hand,  and  on  the 
other  from  the  unyielding  action  of  machinery,  which  has  to  take 
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the  place  of  the  delicate  feeling  of  the  fingers  in  hand  spinning, 
whereby  the  spinner  is  enabled  to  accommodate  the  action  continnally 
to  the  variations  in  the  material.  It  is  a  point  of  special  mechanical 
interest  however  to  note  at  how  early  a  period  in  the  application  of 
machinery  correct  ideas  were  developed  as  to  the  principles  of  action 
in  the  important  successive  steps  :  so  correct  indeed  that  they  have 
remained  unaltered  in  principle  to  the  present  time,  although  many 
highly  ingenious  improvements  in  detail  have  subsequently  been 
eflfected. 


It  appears  that  the  credit  of  the  first  invention  of  the  Spinning 
Machine  is  due  to  Lewis  Paul  in  1738,  little  more  than  a  o^ntury  ago, 
all  spinning  having  been  previously  done  by  hand.  In  his  first 
machine  the  raw  cotton  was  passed  through  a  succession  of  pairs  of 
rollers,  each  pair  running  faster  than  the  preceding,  so  as  to  draw 
out  the  sliver  of  cotton  longitudinally  to  any  degree  of  fineness 
required.  The  machine  thus  accomplished  only  the  drawing  process, 
leaving  the  sliver  so  formed  to  be  twisted  and  wound  afterwards  by 
hand.  The  great  feature  of  this  invention  was  that  the  important 
principle  of  drawing  by  rollers  running  at  difierent  speeds  was  thus 
established  at  the  outset,  to  supersede  drawing  by  the  fingers  in 
hand  spinning ;  and  this  mode  of  drawing  has  been  adhered  to  ever 
since  as  the  fundamental  principle  in  the  preparation  of  fibrous 
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In  1758  Paul  further  improved  his  original  machine  by  rendering 
it  capable  of  performing  the  two  other  processes  of  twisting  and 
winding  requisite  to  complete  the  operation  of  spinning  by 
machinery ;  and  he  constructed  a  spinning  machine  having  a 
circular  frame  containing  fifty  spindles.  The  cotton  was  drawn  by 
rollers,  as  in  his  previous  machine,  and  the  sliver  was  delivered  from 
the  rollers  to  a  bobbin  upon  each  spindle,  by  means  of  an  arm  or 
flier  fixed  upon  the  spindle ;  and  the  spindle  being  so  contrived  as 
to  go  faster  than  the  bobbin,  the  sliver  was  thus  twisted  into  thread 
by  the  flier,  before  being  wound  upon  the  bobbin. 

Although  the  two  mechanical  principles  which  have  formed  the 
basis  of  all  subsequent  spinning  machinery — namely  the  drawing 
rollers  running  at  different  speeds  and  the  differential  motion  of  the 
flier  and  bobbin — were  thus  originated  by  Paul,  it  does  not  appear 
that  his  machines  were  ever  practically  successful ;  and  Arkwright's 
spinning  machine  in  1769,  shown  in  Fig.  1,  Plate  68,  appears  to 
have  the  merit  of  being  the  first  that  was  brought  into  successful 
operation.  This  machine  cannot  be  called  more  than  an  improvement 
in  detail  upon  Paul's,  as  the  principles  of  the  two  were  the  same ; 
and  it  is  difficult  to  imagine  that  Arkwright  had  not  seen  Paul's 
machine.  The  success  of  the  later  machine  may  be  attributed  to 
its  superiority  both  in  workmanship  and  in  the  material  employed, 
the  earlier  machine  having  been  composed  almost  entirely  of  wood. 

The  four  pairs  of  drawing  rollers  A  A,  Fig.  1,  were  made  of 
brass  and  steel,  and  geared  together  by  pinions  ;  the  bottom  rollers 
were  covered  with  wood  and  fluted,  and  the  top  ones  were  covered 
with  leather,  and  pressed  down  upon  the  bottom  rollers  by  the 
weighted  cords  and  pulleys  B  B.  The  sliver  delivered  by  the  rollers 
was  then  twisted  into  a  yam  or  roving  by  the  flier  C,  and  wound 
upon  the  bobbin  D.  The  differential  motion  of  the  flier  and  bobbin, 
by  which  the  two  operations  of  twisting  and  winding  were  effected, 
was  exactly  the  same  that  is  still  employed  for  the  same  purpose, 
only  the  motion  was  obtained  by  different  means.  If  the  flier  and 
bobbin  both  revolved  at  the  same  rate  and  in  the  same  direction,  no 
winding  would  take  place,  and  the  effect  would  be  confined  to 
twisting  the  sliver  into  a  roving.     On  the  other  hand  if  only  the 
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flier  rerolved  and  the  bobbin  were  stationarj,  all  the  motion  wonld 
wind  and  also  twist,  but  only  a  single  twist  wonld  be  pnt  into  the 
sliver  for  each  coil  wonnd  on  the  bobbin.  Bnt  if  the  bobbin  rotates 
slower  than  the  flier,  the  winding  is  effected  at  jnst  so  much  slower 
rate  than  the  twisting  as  the  two  speeds  are  made  to  approximate. 
This  was  accomplished  in  Arkwright's  machine  by  the  simple  means 
of  a  friction  break  npon  the  bobbin  D,  the  bobbin  being  loose  npon 
the  spindle  and  dragged  ronnd  by  the  thi*ead,  whilst  the  flier  G 
was  fast  npon  the  spindle  and  driven  direct  by  the  driving  strap  E 
below.  The  friction  break  to  retard  the  bobbin  was  made  by  a 
worsted  cord  passed  ronnd  a  groove  in  the  whirl  F  at  the  bottom 
of  the  bobbin,  and  tightened  by  hand  to  the  required  adjustment 
by  a  screw  pin  securing  the  end  of  the  cord.  The  drag  put  upon 
the  bobbin  by  this  friction  break  also  put  a  stretch  upon  the 
roving,  and  cansed  it  to  be  wound  tight  on  the  bobbin  in  solid 
layers  instead  of  in  loose  coils.  In  the  arm  of  the  flier  G  were  fixed 
a  number  of  hooks,  under  which  the  roving  was  passed ;  and  the 
winding  on  the  bobbin  was  done  in  successive  steps,  by  stopping 
the  bobbin  and  shifting  the  roving  successively  from  one  hook  to  the 
next  on  the  flier,  as  no  idea  had  yet  been  originated  of  giving  the 
bobbin  a  vertical  motion  upon  its  spindle  so  as  to  gnide  the  roving 
on  regularly  in  winding. 

In  1770  Hargreaves  invented  the  Spinning  Jenny,  shown  in 
Fig.  2,  Plate  68,  the  principle  of  which  is  identical  with  that  of  the 
present  spinning  machinery.  It  thus  presents  a  remarkable  instance 
of  a  correct  perception  respecting  the  best  mode  of  working  having 
been  attained  at  so  early  a  stage  in  the  application  of  machinery  to 
a  new  purpose.  The  operation  of  spinning  into  threads  the  rovinga 
produced  by  the  machines  already  described,  or  by  the  modem 
improved  machines  similar  in  principle,  comprises  the  two  processes 
of  twisting  and  elongating  the  roving  to  form  it  into  a  thread,  and 
then  winding  the  spun  thread  into  the  form  of  a  "cop"  upon  the 
same  spindle  by  which  the  spinning  or  twisting  has  been  performed. 
These  two  processes  still  continue  to  be  efiected  in  essentially  the 
same  manner  as  in  Hargreaves'  spinning  jenny. 
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The  twisting  of  the  thread  is  effected  by  cansiug  the  spindles 
G,  Fig.  2,  to  revolve,  as  though  for  winding  up  the  thread,  but 
allowing  the  thread  to  slip  off  the  free  end  of  the  spindle  once  in  each 
revolution.  For  this  purpose  the  thread  is  led  off  from  the  top  end 
of  the  spindle  at  an  angle  so  much  greater  than  a  right  angle  that 
its  tendency  to  wind  in  a  spiral  brings  it  to  the  top  extremity  of  the 
spindle  in  each  revolution,  causing  it  to  slip  off  the  end  of  the 
spindle  at  each  successive  revolution ;  and  the  top  of  the  spindle  is 
shaped  conical  to  facilitate  the  slipping  of  the  thread  off  the  end. 
The  result  is  that  the  thread  is  twisted  one  turn  by  each  revolution 
of  the  spindle,  without  disturbing  or  interfering  with  the  portion  of 
spun  thread  already  wound  up  into  a  cop  on  the  lower  part  of 
the  spindle.  The  crossbar  J,  carrying  the  guiding  eyes  through 
-which  the  several  threads  pass,  rests  at  each  end  on  a  carriage  that 
runs  along  the  side  framing  of  the  machine;  and  before  the 
commencement  of  the  spinning  by  the  spindles  G,  the  crossbar  is 
first  drawn  backwards  from  the  spindles  by  hand  through  about  one 
third  the  length  of  the  machine,  drawing  off  a  continuous  supply  of 
roving  from  the  bobbins  K  below,  which  are  free  to  turn  on  their 
bearings.  The  clasp  H  is  then  pressed  down  tight  upon  the 
crossbar  J,  holding  the  rovings  fe,st,  and  the  spindles  G  are  set  in 
motion,  twisting  the  lengths  of  thread  between  the  spindles  and  the 
crossbar ;  and  during  the  twisting  the  crossbar  is  gradually  drawn 
backwards  by  hand  to  the  end  of  the  machine,  thus  producing  the 
required  elongation  of  the  threads  by  tension  during  the  spinning, 
as  is  done  in  the  case  of  hand  spinning  by  the  weight  of  the  bobbin 
or  spindle  hanging  from  the  twisting  thread.  The  spindles  G  receive 
their  motion  from  the  drum  M  driven  by  the  driving  pulley  L,  which 
is  turned  with  the  right  hand  by  the  handle  N,  while  the  left  hand 
draws  back  ^he  crossbar  J  by  means  of  the  handle  upon  the  clasp  H. 

When  the  crossbar  J  has  been  drawn  back  to  the  extreme  end  of 
the  machine  and  the  spinning  of  the  threads  has  been  completed, 
they  are  then  wound  up  on  the  spindles  by  depressing  them  all 
simultaneously  to  the  lower  portion  of  the  spindles  by  means  of  the 
"foller  wire  "  O,  which  is  brought  down  upon  the  threads  by  the 
rotation  of  the  discs  P  P  in  the  direction  of  the  arrow.     The  rotation 
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of  the  discs  is  effected  by  tightening  the  cord  R  which  runs  along 
the  side  of  the  machine,  and  they  are  tnmed  back  again  by  a  counter- 
balance weight  for  raising  the  faller  wire  when  the  cord  is  released ; 
the  cord  passes  round  three  horizontal  pulleys  on  the  top  of  the 
carriage  S,  and  is  tightened  for  depressing  the  fiiller  wire  by  a 
transverse  sliding  movement  being  given  to  the  middle  pulley  by 
means  of  a  hand  lever,  which  is  worked  by  the  left  hand  whilst 
holding  the  clasp  on  the  crossbar  J.  The  threads  being  depressed  by 
the  faller  wire,  the  further  rotation  of  the  spindles  now  causes  the 
threads  to  be  wound  up  in  cops  upon  the  spindles,  the  sliding 
crossbar  J  being  pushed  forwards  gradually  by  hand  as  the  winding 
proceeds,  until  it  again  reaches  the  spindles,  when  it  is  ready  for 
beginning  the  spinning  of  a  fresh  length  of  rovings.  During  the 
winding  of  the  threads  already  spun  between  the  spindles  and  the 
crossbar  J,  this  length  of  the  threads  is  secured  and  separated  from 
the  untwisted  rovings  beyond  the  crossbar  by  the  pressure  of  the 
clasp  H,  which  is  kept  pressed  down  tight  upon  the  threads. 

On  the  completion  of  the  spinning  however  of  each  length  of 
the  threads,  and  before  the  change  can  take  place  from  spinning  to 
winding,  it  is  necessary  first  to  unwind  the  short  spiral  of  thread 
extending  up  from  the  top  of  the  cop  previously  wound  to  the  top 
extremity  of  the  spindle.  This  spii^al  is  unavoidably  formed  at  the 
commencement  of  the  twisting,  before  the  thread  can  reach  the 
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This  backing-off  motion  and  the  faller  wire  are  identical  with 
those  now  in  use  in  the  modern  spinning  machines,  the  only 
difference  being  that  they  are  now  made  self-acting.  In  winding 
the  cop  each  successive  layer  of  thread  is  so  regulated  that  a  conical 
form  is  given  to  each  end  of  the  finished  cop,  in  order  to  prevent 
the  thread  from  getting  loosened  upon  it  at  the  ends  in  subsequent 
handling  ;  while  at  the  same  time  the  crossing  of  the  thread  in  the 
alternate  spiral  layers  gives  firmness  to  the  cop,  and  still  allows  the 
thread  to  be  afterwards  drawn  off  it,  when  required  for  use,  either 
by  slipping  off  the  end  as  in  a  shuttle,  or  by  unwinding  the  cop  on  a 
spindle.  In  the  spinning  jenny  this  shape  of  cop  was  obtained  by 
regulating  the  winding  of  the  thread  by  means  of  the  cord  R  acting 
upon  the  discs  P  P,  raising  and  lowering  the  faller  wire  0  during 
the  winding  so  as  to  guide  the  thread  upon  the  spindle  as  required 
for  producing  the  desired  shape  of  cop.  The  same  shape  of  cop 
and  mode  of  guiding  the  thread  on  are  still  adhered  to  in  the 
present  spinning  machines ;  but  the  whole  of  the  movements  are 
now  effected  entirely  by  self-acting  machinery. 

Further  improvements  in  the  preparatory  processes  of  carding 
and  roving  were  introduced  by  Arkwright  in  1775,  which  may  be 
said  to  include  the  principal  features  contained  in  the  carding  and 
roving  machines  now  used.  The  cotton  delivered  from  the 
preliminary  machine  was  formed  into  a  roll  or  lap,  for  supplying 
a  continuous  fleece  of  cotton  to  the  carding  cylinders,  the  carding 
operation  being  repeated  until  the  irregular  mass  of  fibres  in  the 
raw  material  had  been  combed  straight  and  laid  parallel  in  the 
fleece  of  cotton  with  a  sufficient  degree  of  uniformity  to  allow 
of  proceeding  to  the  subsequent  operations.  Comb-plates  worked 
backwards  and  forwards  by  cranks  were  also  added  for  combing 
off  the  cotton  in  a  continuous  fleece  from  the  "  doffer  "  or  taking-off 
cylinder  of  each  of  the  carding  machines.  The  sHver  delivered 
from  the  last  carding  process  was  passed  between  a  pair  of  rollers 
for  the  purpose  of  consolidating  it  by  the  pressure  of  the  rollers 
after  the  loosening  action  of  the  doffing  comb-plate ;  and  it  was 
then  coiled  down  into  a  can. 
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The  doubling  and  drawing  process  employed  at  this  stage  of  tlie 
manufacture  was  also  introduced  by  Arkwrigbt  at  the  same  time, 
the  object  being  to  intermingle  the  fibres  more  completely  in  the 
sliver  and  thereby  render  it  more  uniform  in  quality,  ready  for 
twisting  into  a  roving.  For  this  purpose  two  or  generally  more  of 
the  slivers  from  the  carding  engine  are  passed  side  by  side  through 
a  series  o^  pairs  of  drawing  rollers,  each  pair  in  succession  being 
made  to  run  faster  than  the  preceding ;  and  the  last  pair  of  rollers 
runs  as  many  times  faster  than  the  first  pair  as  there  are  slivers 
doubled  together,  so  that  the  single  combined  sliver  delivered  from 
the  rollers  is  drawn  down  to  the  same  size  or  weight  per  foot  as  one 
of  the  original  slivers.  The  doubling  and  drawing  operation  is 
usually  repeated  three  times,  and  the  ultimate  sliver  so  prepared  is 
then  ready  for  the  roving  frame,  in  which  it  is  again  drawn  and 
twisted  and  wound  upon  a  bobbin. 

In  the  roving  frame  Arkwright  now  effected  an  important 
advance  upon  his  previous  machine,  shown  in. Fig.  1,  by  introducing 
the  new  principle  which  has  since  been  adhered  to,  of  driving  the 
bobbin  and  the  spindle  independently  by  separate  motions,  instead 
of  letting  the  bobbin  be  simply  dragged  round  by  the  thread  as 
previously  described.  At  the  same  time  he  also  introduced  the 
conical  regulating  drum,  for  reducing  the  speed  of  the  bobbin  in 
proportion  as  its  diameter  was  increased  by  the  thickness  of  the  coils 
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eye  for  delivering  the  roving  npon  the  bobbin,  instead  of  the  succes- 
sion of  hooks  fixed  on  the  arm  of  the  flier  in  the  previous  machine, 
Fig.  1,  for  winding  the  roving  on  in  a  succession  of  steps ;  and  a 
sufficient  space  is  also  left  in  the  drawing  for  allowing  the  required 
amount  of  vertical  movement  of  the  bobbin.  The  invention  of  this 
principle  of  lifting  and  lowering  the  bobbin  upon  the  spindle  during 
the  windkig,  which  is  employed  in  all  the  present  machines,  has  not 
been  traced  by  the  writer  to  any  earlier  date  than  these  final 
improvements  introduced  by  Arkwright  in  1775. 

By  thus  making  special  machines  for  each  process  in  the 
preparation  of  the  material  for  spinning,  Arkwright  effected  a 
most  important  division  of  labour ;  iand  the  factory  system,  already 
introduced  in  the  silk  manufacture,  became  rapidly  extended  in 
consequence. 


In  the  preparation  of  cotton  the  improvements  introduced 
firom  time  to  time  in  each  particular  section  of  the  machinery 
employed  have  been  so  numerous  and  so  varied  that  only  a  slight 
reference  can  be  made  to  them  in  this  paper  under  their  respective 
heads,  in  the  hope  that  they  may  be  made  the  subjects  of  special 
papers  by  some  of  the  Members  at  future  meetings. 

0})ening. — The  first  process  in  the  preparation  of  the  raw  cotton 
was  known  as  "willowing,"  and  took  its  name  from  the  willow 
switches  formerly  used  for  beating  or  opening  the  tufts  of  cotton  by 
hand.  A  number  of  small  parallel  cords  were  stretched  tight  and  close 
together  on  a  horizontal  frame,  so  as  to  form  a  sort  of  table,  upon 
which  the  cotton  to  be  opened  was  laid ;  and  the  cotton  being  then 
beaten  with  switches  made  of  willow  rods  kept  smooth  for  the 
purpose,  the  fibres  of  the  cotton  remained  on  the  cords,  whilst  the 
sand  and  seeds  fell  through  between.  Some  of  the  best  descriptions 
of  sea-island  cotton  are  still  batted  in  this  way,  for  the  finest  counts 
of  yam.  Several  attempts  were  made  to  work  the  willow  beaters 
by  machinery,  but  they  have  all  been  superseded  by  opening  and 
scutching  machines  on  the  modern  principle,  having  revolving 
cylinders  to  act  as  beaters.     The  most  primitive  of  these  is  known 
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as  the  Oldliam  Willow,  and  lias  a  revolving  cylinder  about  36  inclieg 
diameter,  set  witli  spikes  placed  in  parallel  rows,  and  revolving 
against  a  grid  of  bars  set  with  similar  spikes :  the  cotton  is  fed 
upon  the  grid  and  beaten  for  a  longer  or  shorter  time  according  to 
its  condition,  and  an  exhausting  fan  is  employed  for  taking  away 
the  sand  and  bits  of  dried  leaves  beaten  out.  This  machine  is  now 
used  only  for  separating  hard  lumps  of  cotton  in  bales  packed  too 
tightly,  and  for  cleaning  cotton  waste  and  the  refase  cast  out  by 
other  cleaning  machines. 

Fig.  3,  Plate  69,  shows  a  section  of  the  Cotton  Opener  in  use  at 
the  present  time  for  the  purpose  of  opening  out  the  fibres  of  the 
cotton  after  it  has  been  pressed  in  the  bales,  and  for  extracting  the 
sand,  dried  leaves,  and  other  impurities  imported  with  it,  the  object 
being  to  do  this  without  entangling  or  injuring  the  fibre.  The 
crude  cotton  from  the  bales  is  spread  by  hand  upon  the  endless 
travelling  lattice  A,  which  conveys  it  underneath  the  iron  guide- 
roller  B  with  longitudinal  ribs  on  its  surface  to  the  pair  of  fluted 
feed-rollers  C.  These  are  pressed  together  by  the  weighted  lever  D, 
and  deliver  the  cotton  to  the  picker  cylinder  E  set  with  twelve  rows 
of  teeth,  which  are  spaced  so  that  the  teeth  follow  one  another 
spirally  round  the  cylinder,  as  shown  in  the  plan,  Fig.  4.  The  tufts 
of  cotton  being  gripped  tight  between  the  rollers  C  are  caught  by 
•the  tips  of  the  teeth  on  the  cylinder  revolving  in  the  direction  of. 
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loosened  by  the  beaters,  drop  out  and  fall  throngb  the  grid  J  into 
the  dust  box.  The  cotton  then  passes  between  the  two  wire-gauze 
cylinders  K,  which  sgrve  as  fine  sieves,  the  interior  of  the  cylinders 
being  exhausted  by  the  fan  L ;  by  this  means  the  more  minute 
particles  of  dust  remaining  in  the  cotton  are  sifted  out,  and 
discharged  by  the  fan  through  the  aperture  M,  thereby  keeping. the 
rooms  where  the  machines  are  at  work  perfectly  free  from  dust. 
There  is  thus  a  continual  deposit  of  impurities  taking  place 
throughout  the  whole  passage  of  the  cotton  through  the  machine, 
from  the  feed  rollers  C  to  the  wire  cylinders  K.  In  the  drawing 
only  two  beater  cylinders  E  and  H  are  shown ;  but  the  machines 
are  more  generally  made  with  four  cylinders,  for  cleansing  the 
cotton  more  effectually,  the  two  additional  beaters  being  provided 
with  four  rows  of  teeth,  the  same  as  the  second  cylinder  H.  From 
the  wire  cylinders  the  loose  cotton  is  collected  again  and  consolidated 
into  a  fleece  by  the  fluted  stripping  rollers  I,  running  close  to  the 
cylinders  K  but  not  touching ;  and  these  deliver  it  to  the  travelling 
lattice  N,  which  discharges  it  ready  to  be  taken  to  the  next,  process 
of  scutching,  a  lap  machine  being  sometimes  attached  so  as  to  form 
the  fleece  into  a  lap  or  roll  for  supplying  the  scutcher.  The  beater 
cylinders  E  and  H  run  at  about  1000  revolutions  per  minute ;  the 
feeding  lattice  A  travels  at  6  feet  per  minute,  which  is  also  the 
surface  speed  of  the  feed  rollers  C ;  and  the  surface  speed  of  tl^p 
wire  cylinders  K,  the  stripping  rollers  I,  and  the  delivery  lattice  N 
is  60  feet  per  minute. 

Scutchi/ng. — The  Scutching  Machine  now  in  use  for  farther  beating 
and  cleansing  the  cotton  delivered  from  the  opener  is  shown  in  Fig.  5, 
Plate  70,  having  also  combined  with  it  the  Lap  Machine  for  forming 
the  fleece  of  cotton  delivered  from  the  scutcher  into  a  roll  or  lap. 
The  cotton  from  the  opener  is  supplied  to  the  scutcher  upon  the 
travelling  feeding  lattice  A,  and  in  order  to  produce  a  uniform  fleece 
for  the  further  processes  it  is  necessary  at  this  stage  to  regulate  the 
quantity  fed  into  the  scutcher,  which  is  effected  in  two  ways.  In 
feeding  by  hand  the  tedious  method  of  weighing  the  cotton  supplied 
has  to  be  resorted  to,  so  as  to  distribute  a  uniform  weight  of  cotton 
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over  each  foot  of  length  of  the  feeding  lattice,  which  together  with 
the  feed  rollers  C  is  driven  at  a  uniform  speed.  But  in  the  improved 
mode  of  feeding  bj  laps  B,  supplied  froiu  a  lap  machine  in 
connection  with  the  opener,  the  top  feed  roller  is  allowed  to  rise 
and  fall  according  to  the  variations  in  the  thickness  of  cotton  fed 
in,  and  the  amount  of  its  vertical  movement  mnltipHed  by  means  of 
levers  is  employed  to  regulate  by  a  self-acting  arrangement  the 
speed  at  which  the  feeding  lattice  and  roUers  are  driven.  By  this 
means  an  almost  uniform  supply  of  cotton  is  fed  to  the  beater  H, 
which  is  composed  of  three  plain  bars,  as  shown  in  the  plan.  Fig.  6, 
and  is  driven  at  about  1250  revolutions  per  minute.  The  cotton  is 
beaten  as  before  against  the  circular  grid  F  and  perforated  plate  Q-, 
and  the  current  of  air  from  the  beater  wails  it  forwards  over  the 
straight  grid  J  to  the  wire  cylinders  K  exhausted  by  the  &n  L,  the 
action  being  exactly  the  same  as  in  the  opening  machine.  The 
rollers  I  which  strip  the  dust  cylinders  deliver  the  fleece  to  a  set  of 
four  eallender  rollers  O  placed  over  one  another,  so  that  the  cotton 
in  passing  through  them  receives  three  compressions,  which 
consolidate  it  into  a  kind  of  felt;  the  surfaces  of  the  eallender 
rollers  are  kept  clean  by  rubbers  of  iron  covered  with  flannel,  which 
are  pressed  in  contact  with  them. 

The  Lap  Machine,  for  coiling  the  fleece  into  a  roU  or  lap,  has 
^o  fluted  driving  rollers  PP  running  in  the  same  direction,  as 
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lifted  clear  by  the  handwheel  on  the  shaft  T,  so  as  to  allow  the 
finished  lap  to  be  removed.  The  driving  pinion  Y,  from  which  the 
callender  rollers  0  receive  their  motion,  is  held  up  in  gear  by  the 
lever  W  supported  by  a  catch ;  and  when  the  lap  is  finished  this 
catch  is  released  by  a  tappet  upon  the  pinion  X,  which  is  driven 
from  the  bottom  callender  roller,  the  speed  of  the  pinion  being  so 
reduced  that  one  revolution  of  it  corresponds  to  the  size  of  lap 
required  to  be  made.  The  catch  being  released  allows  the  driving 
pinion  Y  to  fall  out  of  gear,  whereby  the  callender  rollers  O  are 
stopped  ;  and  the  lap  rollers  P  continuing  to  revolve  break  off  the 
fleece,  ready  for  removing  the  finished  lap  from  the  machine.  By 
changing  the  pinion  X  carrying  the  tappet,  the  size  of  lap  made  by 
the  machine  can  be  varied  as  desired. 

The  scutcher  shown  in  Fig.  5  is  a  single  machine,  and  it  is  usual 
to  pass  the  cotton  first  through  a  double  scutcher  of  similar 
construction,  but  having  a  second  set  of  feed  rollers  with  beater  and 
wire  cylinders,  running  at  a  higher  speed  ;  the  second  pair  of  wire 
cylinders  and  stripping  rollers  are  driven  three  times  as  fast  as  the 
first  pair,  so  that  they  deliver  a  fleece  of  one  third  the  thickness 
first  supplied  to  the  machine.  Three  of  the  laps  from  this  double 
scutcher  are  then  fed  into  the  single  scutcher  shown  in  the  drawing, 
as  at  B  B  B,  Fig.  5,  being  spread  upon  the  surface  of  the  feeding 
lattice  A  in  three  layers  on  the  top  of  one  another,  so  as  to  present 
to  the  feed  rollers  a  uniform  fleece  equal  in  thickness  to  that  fed 
into  the  first  scutcher.  By  thus  doubling  the  laps  the  fibres  are 
more  thoroughly  mixed,  and  the  fleece  is  thereby  made  more  uniform 
in  thickness. 

Scutching  machines  having  a  revolving  ^eater,  composed  of  two 
plain  bars  describing  a  circle  of  about  14  inches  diameter,  were 
introduced  about  1810;  and  these  machines  contained  also  a 
travelling  feed  lattice,  two  pairs  of  feed  rollers,  and  a  second 
travelHng  lattice  for  conveying  the  beaten  cotton  underneath  a 
perforated  revolving  cylinder,  the  interior  of  which  was  exhausted 
by  a  fan.  The  cotton  passing  through  this  machine  was  delivered 
in  a  loose  fleece,  and  a  few  years  later  a  lap  machine  was  added  for 
coiling  the  fleece  into  a  lap.     Other  improvements  have  gradually 
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been  introduced  up  to  the  present  time,  as  regards  both  design  and 
workmanship  :  the  cylinders  and  beaters  have  been  put  in  perfect 
balance,  so  as  to  revolve  steadily  at  the  high  speed  required,  and  the 
forms  of  teeth  on  the  cylinders  have  been  arranged  for  greater 
strength  and  greater  facility  of  construction ;  stronger  and  simpler 
gearing  has  been  employed,  improvements  have  been  made  in  the 
form  and  construction  of  the  bearings  of  the  beaters  and  other 
quick  revolving  shafts,  so  as  to  ensure  more  efficient  lubrication, 
and  air-tight  dust  boxes  have  been  added  "with  moveable  doors  for 
facility  of  cleaning;  and  the  self-acting  arrangements  have  been 
introduced  for  stopping  the  machine  when  a  given  length  of  fleece 
has  been  delivered,  and  for  regulating  the  rate  of  feed  according  to 
the  thickness  of  the  cotton  supplied,  so  as  to  dispense  with  the 
previous  plan  of  weighing  the  cotton  in  feeding.  Thus  by 
successive  improvements  through  a  long  series  of  years  the 
difficulties  which  originally  presented  themselves  in  the  successful 
adaptation  of  machinery  to  cotton  cleaning  have  been  overcome ; 
the  cotton  can  now  be  perfectly  cleaned  without  injury  to  the  fibres, 
and  the  laps  are  produced  uniform  in  length,  breadth,  and  thickness 
of  fleece,  and  so  thoroughly  felted  that  they  uncoil  at  the  carding 
engine  in  the  next  process  without  any  derangement  of  the  felted 
fleece. 
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furfclier  carding;  and  the  lap  formed  of  tliis  new  fleece  is  then  fed 
into  a  second  or  "finisher"  carding  engine.  As  many  a:s  96  slivers 
from  the  breaker  card,  each  drawn  out  of  a  separate  can,  are 
laid  together  by  the  doubling  machine  into  a  single  fleece  for  the 
supply  of  the  finisher,  in  order  that  the  mixing  of  the  cotton  may 
be  more  thoroughly  effected,  and  more  perfect  uniformity  ensured 
in  the  sliver  delivered  by  the  finisher.  For  the  finest  qualities  of 
yam  the  finisher  card  is  itself  used  as  a  breaker,  and  the  sliver 
delivered  by  it  is  afterwards  combed  by  a  combing  machine. 

The  Roller  and  Clearer  Carding  Machine  employed  at  the 
present  time  as  a  breaker  card  for  performing  the  first  carding  of 
the  fleece  is  shown  in  section  in  Fig.  7,  Plate  71 ;  and  consists  of 
a  main  carding  cylinder  A,  round  which  are  arranged  a  series  of 
pairs  of  carding  rollers  or  "workers"  B  B  and  clearing  rollers  or 
"  strippers"  C  0.  The  surfaces  of  all  these  are  covered  with  cards, 
and  they  are  made  to  revolve  so  close  together  as  to  allow  the  tips 
of  the  card  teeth  just  to  clear  one  another.  The  cards  are  a  kind 
of  wire  brush  with  inclined  teeth,  as  shown  fall  size  in  Fig.  9,  and 
are  made  of  staples  D  of  fine  steel  or  iron  wire,  each  about  3-8ths 
inch  long  and  3-lCths  inch  wide,  with  a  side  bend  in  the  middle 
of  their  length.  These  are  fixed  close  together  into  a  strip  of 
webbing  about  1^  inch  wide,  which  is  wound  tight  round  the 
cylindrical  rollers  in  a  continuous  spiral,  keeping  the  staples  pressed 
home  in  the  cloth  by  the  surface  of  the  cylinder,  so  that  they  have 
an  elastic  firmness  which  keeps  their  points  up  to  the  work. 

The  working  width  of  the  machine  is  about  40  inches  on  the 
card  teeth,  corresponding  with  the  breadth  of  the  fleece  in  the  lap  E 
by  which  the  carding  engine  is  fed.  The  unlapping  of  the  fleece 
is  performed  by  the  rollers  F  on  which  the  lap  rests,  and  the  fleece 
is  then  drawn  forwards  under  the  feed  roller  Gr,  and  delivered  to 
the  taker-in  roller  H  revolving  in  the  direction  of  the  arrow.  At 
this  point  the  carding  or  combing  action  commences,  the  fleece 
being  held  by  the  feed  roller  G  travelHng  at  the  slow  speed  of  only 
about  f  foot  of  surface  per  minute,  while  the  taker-in  H  runs 
much  faster,  at  about  800  feet  per  minute  surface  speed ;  and  the 
carding  teeth  on  the  taker-in  being  bent  forwards  in  the  direction 
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of  motion,  the  points  of  the  teeth  strike  down  into  the  fleece  held 
hj  the  feed  roller,  and  comb  out  the  fibres,  while  the  impurities 
separated  fall  to  the  ground.  The  fibrous  tufts  of  cotton  are  carried 
round  on  the  underside  of  the  taker-in  to  the  main  carding  cylinder 
A,  which  revolves  in  the  same  surface  direction  with  a  speed  of 
about  IGOO  feet  per  minute.  The  teeth  of  the  carding  cylinder 
being  bent  forwards  in  the  direction  of  motion  sweep  off  the  cotton 
from  the  taker-in  teeth  inclined  in  the  same  direction  but  running 
at  only  half  the  speed,  and  carry  it  forwards  to  the  dirt  roller  J, 
the  teeth  of  which  face  those  of  the  carding  cylinder,  and  travel 
with  a  very  slow  motion  of  only  about  16  feet  per  minute.  The 
dirt  roller  thus  assists  in  combing  out  the  fibres,  and  holds  in  the 
interstices  of  its  wires  any  impurities  that  it  receives  from  the 
cotton,  which  are  carried  forwards  and  stripped  from  it  by  a 
vibrating  comb,  so  that  they  accumulate  in  a  roll  on  the  upper 
surface  of  the  dirt  roller,  to  be  taken  away  by  hand  at  intervals. 

The  carding  cyHnder  then  carries  the  cotton  forwards  to  the 
several  pairs  of  workers  and  strippers,  one  of  which  is  shown  to 
a  larger  scale  in  Fig.  8 ;  and  at  each  pair  in  succession  the  fibres 
undergo  a  farther  combing  out  and  straightening.  The  motion 
of  the  teeth  of  all  these  pairs  of  rollers  is  in  the  same  direction 
as  that  of  the  adjacent  teeth  on  the  main  carding  cyHnder,  as 
shown  by  the  arrows  in  Fig.  8,  but  at  a  much  slower  speed;  and  the 
Rtli  of  tlio  sf  rin])ers  C  are  inclined  forv 
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the  teeth  of  the  stripper  therefore  sweep  off  the  cotton  &om  the 
worker,  and  are  themselves  stripped  in  the  same  way  by  the 
carding  cylinder  running  at  the  higher  speed.  After  passing  the 
six  pairs  of  workers  and  strippers,  the  fleece  of  straightened  fibres 
is  taken  off  in  a  continuous  sheet  from  the  carding  cylinder  A 
by  the  doffer  K,  the  teeth  of  which  face  those  of  the  cyHnder  and 
move  in  the  same  direction  but  at  a  much  slower  speed  of  only 
about  65  feet  per  minute  ;  the  fleece  thus  receives  a  further 
straightening  and  stretching  in  quitting  the  carding  cylinder,  and 
is  carried  round  on  the  underside  of  the  doffer  to  the  vibrating 
comb  I,  which  describes  a  short  arc  of  Ij  inch  vertical  motion 
and  is  driven  by  balanced  cranks  at  about  800  double  vibrations 
per  minute.  This  comb  strips  the  fleece  from  the  face  of  the 
doffer  in  its  down  stroke  and  clears  itself  in  rising ;  and  the  thin 
fleece,  of  the  ftdl  width  of  the  machine,  40  inches,  is  then  gathered 
in  by  lateral  guides  to  a  width  of  6  inches,  and  finally  into  a  smooth 
bell-mouthed  round  funnel  L,  having  a  hole  only  ^  inch  diameter, 
through  which  the  contracted  ribbon  or  sliver  is  drawn  by  the  two 
pairs  of  drawing  rollers  M,  the  second  pair  running  one  half  faster 
than  the  first,  whence  it  passes  to  the  coiler  N  and  can  0. 

The  coiler  consists  of  a  revolving  plate  N  having  an  eccentric 
aperture,  through  which  the  sliver  is  passed  from  the  pair  of 
rollers  P  above  the  plate,  so  that  it  is  delivered  into  Vie  can  in 
circular  coils.  The  can  0  however  is  also  made  to  revolve  with 
a  slow  motion  in  the  opposite  direction  to  the  coiler,  and  the  centre 
line  of  the  coiler  N  is  eccentric  to  the  axis  of  the  can,  whereby 
the  sliver  delivered  from  the  coiler  describes  a  succession  of 
hypocycloid  curves  in  the  can,  the  circles  of  sliver  being  laid  into 
the  can  so  that  the  outsides  of  the  coils  touch  the  inside  of  the 
can.  The  sUver  thus  forms  coils  continually  crossing  one  another, 
so  that  the  can  is  filled  up  solid  throughout,  and  when  taken  to  the 
doubling  fi^me  the  coils  of  sHver  come  out  again  without  adhering 
to  one  another. 

The  Flat  Carding  Machine  employed  at  the  present  time  as  a 
finisher  card  for  performing  the  second  carding  operation  is  shown 
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in  Fig.  10,  Plate  72 ;  and  consisiys  of  a  main  carding  ojlinder  A,  as 
in  the  breaker  card,  bat  the  pairs  of  workers  and  strippers 
employed  in  the  first  carding  are  here  replaced  by  a  series  of  flat 
cards  DD,  connected  together  by  links  do  as  to  form  an  endless 
travelling  lattice.  The  lap  E,  formed  of  a  nnmber  of  slivers  from 
the  breaker  card  laid  together  into  a  fleece  by  the  doubling 
machine,  is  supplied  to  the  carding  cylinder  A  by  the  feed  roller  Q- 
and  taker-in  H,  in  the  same  way  as  in  the  breaker  card ;  and  the 
carding  cylinder  A  is  driven  at  the  same  speed  of  about  1600  feet  of 
surface  per  minute.  A  single  worker  B,  called  the  fancy  roller, 
with  a  stripper  0,  is  placed  immediately  beyond  the  taker-in  H, 
running  in  the  same  direction  as  the  adjacent  surface  of  the  carding 
cylinder  A ;  but  in  this  case  the  teeth  of  the  fancy  roller  B  are  bent 
forwards  in  the  direction  of  motion,  and  it  therefore  requires  to  be 
driven  at  a  higher  velocity  than  the  carding  cylinder,  and  has  accor- 
dingly a  surface  speed  of  2000  feet  per  minute.  It  thus  seizes  the  cotton 
from  off  the  teeth  of  the  main  carding  cylinder  A,  and  throws  it 
against  the  teeth  of  the  stripper  C  facing  those  of  the  fancy  roller ; 
and  the  fibres  having  thus  been  subjected  to  a  preliminary  carding 
are  again  swept  off  the  teeth  of  the  stripper,  moving  at  only  400  feiit 
per  minute,  by  the  higher  speed  of  the  main  carding  cylinder  A. 

The  cotton  is  then  carried  forwards  by  the  carding  cylinder  to 
the  series  of  flat  cards  D  D,  Fig.  12,  Plate  73,  which  are  made  of 
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deliYering  side  of  each  flat  is  closer  to  the  cylinder,  and  a  wider 
space  is  left  at  the  entering  side  between  the  flat  and  the  cylinder 
for  the  cotton  to  enter,  as  shown  half  fall  size  in  Fig.  15.  The  angle 
thns  formed  is  called  the  beyil  of  the  flat,  and  the  correct  adjustment 
of  this  inclination  is  a  point  of  great  importance  and  delicacy ;  the 
bevil  is  obtained  by  cutting  a  bevil  groove  Q  in  each  end  of  the  flat 
at  the  part  where- it  is  to  rest  upon  the  circular  guide  on  each  side  of 
the  machine,  as  shown  enlarged  in  Figs.  14  and  15,  where  the  dotted 
circle  X  X  represents  the  edge  of  the  guide  on  which  the  flat  travels, 
and  the  dotted  circle  Y  Y  indicates  the  surface  of  the  main  carding 
cylinder  A. 

The  endless  lattice  of  flats  DD  is  carried  over  the  three 
shafts  PPP,  and  on  quitting  the  carding  cylinder  A  each  flat  in 
torn  is  stripped  of  any  fibres  or  impurities  adhering  to  it  by  the 
vibrating  comb  R,  which  describes  an  arc  of  1  inch  and  is  driven  at 
the  rate  of  40  double  strokes  per  minute  by  the  cam  S,  Fig.  13. 
The  flats  are  further  cleaned  by  the  brush  T,  shown  in  plan  in 
Fig.  11,  running  at  a  surface  speed  of  50  feet  per  minute ;  and  they 
are^then  passed  over  a  guide  U,  which  holds  them  up  against  an. 
omery  wheel  V  running  at  the  high  speed  of  550  feet  per  minute  and 
traversing  across  the  machine  along  the  length  of  the  flats,  whereby 
the  faces  of  all  the  cards  are  successively  ground  to  a  true  surface 
whilst  at  work,  and  the  points  of  the  wires  sharpened.  The  same 
mode  of  grinding  is  also  employed  for  keeping  true  the  surfaces  of  the 
carding  cylinder  and  doffer.  The  fleece  of  straightened  fibres  is  taken 
off  in  a  continuous  sheet  from  the  carding  cylinder  by  the  dofier  K 
and  vibrating  comb  I,  and  is  contracted  into  a  sHver  and  coiled  down 
into  the  can  O  in  the  same  manner  as  previously  described. 

In  Arkwright's  improved  form  of  the  early  carding  engine  the 
upper  portion  of  the  carding  cylinder  was  covered  over  by  a  series  of 
bars  of  wood  called  "top  flats,"  the  underside  of  which  was  covered 
with  card  teeth  fiswjing  the  teeth  of  the  cylinder.  These  flats  were 
stationary,  held  in  their  places  by  pins  fixed  in  the  framing,  and  were 
adjusted  to  the  required  bevil  by  two  set-screws  at  each  end ;  and 
they  were  lifted  off  and  stripped  of  their  refuse  by  hand  cards  at 
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intervals.  The  stripping  by  hand  labour  however  was  an  nnhealthj 
and  disagreeable  process ;  and  as  bad  work  and  spoiled  cotton  were 
the  consequence  whenever  it  was  not  done  regularly  and  thoroughly, 
many  arrangements  have  been  introduced  from  time  to  time  for 
stripping  the  flats  mechanically.  In  this  direction  Messrs.  Buchanan 
of  Catrine  and  Mr.  Bodmer  of  Manchester  led  the  way,  although  the 
machinery  employed  by  them  was  never  generally  adopted.  Within 
the  last  few  years  however  a  much  simpler  mechanism  for  this  work 
has  b©en  introduced  by  Mr.  Wellman,  an  American,  the  application 
of  which  has  received  a  great  stimulus  from  the  difficulty  of  obtaining 
men  to  perform  the  stripping  by  hand ;  and  it  is  now  extensively 
used.  Metal  flats  were  introduced  by  Mr.  Smith  of  Deanston,  and 
these  were  linked  together  in  the  form  of  an  endless  lattice,  which 
was  made  to  travel  slowly  forwards  over  the  carding  cylinder ;  and 
each  flat  was  adjusted  to  the  proper  bevil  by  two  screws  at  each  end, 
which  travelled  over  two  circular  guides  concentric  with  the  carding 
cylinder.  Another  short  flat  guide  at  the  back  of  the  flats  brought 
them  into  contact  with  a  stripping  brush,  which  was  cleaned  by  a 
comb,  and  the  comb  teeth  were  scraped  clear  by  a  tin  knife.  These 
flats  were  used  in  several  of  the  Scotch  mills,  but  few  of  them  were 
introduced  into  Lancashire.  The  flat  carding  machine  was  ftirther 
improved  by  Mr.  Evan  Leigh,  by  cutting  the  bevil  on  the  ends  of  the 
flats,  as  shown  at  Q  Q,  Fig.  14,  and  making  the  circular  guides  over 
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carding  cylinder  in  a  more  divided  state,  and  more  equally  distributed 
over  its  surface.  Carding  machines  are  also  sometimes  made  which 
are  a  combination  of  the  breaker  and  finisher  card,  having  rollers 
and  olearers  on  the  side  of  the  cylinder  next  the  feeder,  and  flats  on 
the  side  next  the  doffer. 

The  practical  difficulty  originally  experienced  with  the  carding 
engine  consisted  in  getting  the  cards  to  work  sufficiently  near  to  one 
another  without  occasionally  coming  in  contact,  which  destroyed 
the  carding  points.  The  surfaces  on  which  the  cards  were  fixed  were 
generally  constructed  of  wood,  and  therefore  varied  with  every 
change  of  the  atmosphere  fix)m  the  shrinking  or  swelHng  of  the 
-wood,  so  that  the  faces  of  the  cards  had  to  be  made  true  each  time 
by  grinding  down  the  points  of  the  wires  at  the  full  parts.  Moreover 
the  cylinders  and  rollers  were  not  carefully  constructed  so  as  to  run 
with  a  steady  motion;  and  the  fixings  for  carrying  the  different 
journals  were  not  capable  of  a  fine  adjustment,  nor  were  they  steady 
after  being  set.  These  defects  are  now  overcome  by  using  iron 
instead  of  wood,  and  by  the  aid  of  machinery  and  tools  adapted  for 
making  all  the  parts  accurately  ;  fine  adjustments  are  provided,  and 
the  adjustable  portions  are  made  as  firm  when  set  as  if  fixed.  These 
improvements  cause  less  grinding  and  stripping  to  be  required,  as 
the  finer  and  truer  the  points  of  the  wires  can  be  maintained,  the 
clearer  the  cards  continue  in  working ;  and  thus  the  carding  engines 
have  now  been  brought  into  their  present  successful  and  extensive 
operation. 

Drawing. — The  slivers  from  the  finisher  card  are  next  taken  to  the 
Drawing  Frame,  shown  in  section  in  Fig.  16,  Plate  74 ;  which  contains 
generally  four  pairs  of  drawing  rollers  A,  each  pair  running  faster 
than  the  preceding,  and  the  front  pair  running  at  six  times  the 
sur&rce  speed  of  the  back  pair,  Six  slivers  B  in  separate  cans  from  the 
carding  engine  are  fed  up  together  to  the  back  pair  of  drawing  rollers, 
being  combined  together  by  passing  between  two  guide  pins  0 ;  and 
after  being  laid  together  and  drawn  out  to  six  times  the  original  length, 
the  single  sliver  so  produced  is  passed  through  a  ftmnel  to  the  pair 
of  caUender  rollers  D,  by  which  it  is  delivered  to  the  coiler  E,  and 
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coiled  down  into  the  can  F  in  the  same  manner  as  in  the  carding 
machines.  This  combined  sliver  having  been  donbled  six  times  and 
drawn  six  times  is  the  same  weight  per  foot  as  each  of  the  original 
slivers  fed  np  to  the  back  pair  of  rollers ;  and  the  object  sought  in 
the  doubling  and  drawing  process  is  to  equalise  the  distribution  of 
the  cotton  fibres  and  produce  slivers  of  more  uniform  strength  and 
texture  bj  the  combination.  The  process  is  repeated  three"  times  in 
this  machine,  and  the  extent  of  combination  or  intermixture  obtained 
in  the  ultimate  slivers  is  therefore  represented  bj  the  cube  of  six 
or  216  times,  in  comparison  with  each  of  the  original  slivers  first 
supplied  to  the  machine. 

In  order  to  ensure  the  drawing  rollers  being  always  supplied 
with  the  fiill  number  of  six  slivers,  each  of  the  slivers  fed  up  to 
the  rollers  is  passed  over  a  guide  G,  turning  on  a  centre  pin  and 
nearly  balanced,  so  as  to  turn  with  a  slight  pressure ;  and  during 
the  working  of  the  machine  this  guide  is  depressed  by  the  weight 
of  the  sliver  into  the  position  shown  by  the  full  lines.  But  in 
the  event  of  the  sliver  breaking  or  running  out,  the  tail  of  the  guide 
being  overweighted  drops  into  the  position  shown  by  the  dotted 
lines,  and  catches  the  vibrating  finger  J,  which  is  worked  by  an 
eccentric  on  the  shaft  H  running  at  70  revolutions  per  minute. 
This  shaft  is  driven  at  the  end  by  a  small  crown  ratchet-clutch, 
held  in  gear  by  a  spiral  spring  behind  and  driving  by  the  inclined 
faces:   so  iliai,  wlieucvor  the  hluift  H  is  stopped  by  the  tail  of  a 
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eonstmction  of  the  roller  supports  so  as  to  be  easily  set  and 
adjusted  to  the  different  distances  required  to  suit  the  different 
lengths  of  cotton  fibre  worked ;  the  addition  of  the  self-acting  stop 
motion,  for  stopping  the  machine  when  any  one  of  the  sHvers 
breaks  or  runs  out ;  a  simpler  mode  of  suspending  the  weights  from 
the  top  rollers;  and  the  -ase  of  an  endless  travelling  cloth  over 
the  surfe.ces  of  the  top  rollers,  as  i^own  in  Fig.  16,  for  cleaning 
off  the  waste  or  "fly"  from  the  rollers.  The  top  rollers  are  also 
made  with  dead  spindles  and  loose  bosses,  the  bosses  being  driven 
by  independent  motions.  In  drawing  frames  used  to  prepare  slivers 
for  the  finer  counts  of  yam,  an  additional  stop  apparatus  is  provided 
for  stopping  the  machine  whenever  a  breakage  of  the  sliver  occurs 
between  the  front  pair  of  drawing  rollers  and  the  callender  rollers  D, 
Fig.  16,  or  when  the  can  F  is  full  or  a  given  length  of  sliver  has  been 
deHvered;  this  stop  action  is  worked  from  the  same  shafb  H  aa 
that  employed  for  breakages  of  the  supply  slivers. 

Slubhmg,  Intermediate,  and  Roving, — The  slivers  delivered  from 
the  drawing  frame  are  conveyed  to  the  Slubbing  Frame,  into  which 
they  are  fed  either  single  or  double,  passing  over  a  guide,  like  that 
in  the  drawing  frame,  to  a  set  of  three  pairs  of  drawing  rollers ; 
the  last  pair  runs  at  five  times  the  speed  of  the  first,  so  that  the  sliver 
is  again  increased  in  length  five  times  in  passing  through  the  rollers. 
From  the  drawing  rollers  the  sliver,  now  called  "  slubbing,"  passes 
to  a  revolving  flier  carried  upon  a  vertical  spindle,  by  which  it  is 
twisted  and  then  wound  upon  a  bobbin  revolving  loose  upon  the 
same  spindle.  The  flier  runs  at  a  constant  speed,  while  the  bobbin 
is  driven  by  means  of  a  differential  motion  at  a  speed  varying 
according  to  its  increasing  diameter  as  the  slubbing  is  wound  on:; 
and  the  lifting  movement,  for  raising  and  lowering  the  bobbin  upom 
the  spindle  so  as  to  wind  on  the  slubbing  in  regular  coils,  is  also 
worked  by  the  same  differejitial  motion.  The  speed  of  the  flier 
is  600  revolutions  per  minute,  and  the  slubbing  is  delivered  from 
the  drawing  rollers  at  the  rate  of  50  feet  per  minute,  so  that 
the  number  of  twists  put  into  it  in  this  machine  is  -f  twist  per 
inch  of  length. 
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The  bobbins  from  the  slabbing  frame  are  next  supplied  in  pairs 
to  the  Intermediate  Frame,  in  which  the  slnbbings  are  doubled  bj 
passing  two  of  them  together  throngh  a  set  of  three  pairs  of 
drawing  rollers,  and  then  twisting  them  into  one  by  means  of  a 
flier,  and  winding  on  a  bobbin  in  the  same  manner  as  in  the 
slubbing  machine.  In  this  process,  **  intermediate "  between  the 
slabbing  and  roving,  the  amount  of  drawing  produced  bj  the  rollers 
is  5  times ;  and  1^  twists  are  put  into  the  doubled  slubbing  by  the 
flier  per  inch  of  length  delivered  from  the  rollers. 

In  the  Roving  Frame,  shown  in  Fig.  17,  Plate  75,  the  contents  of 
two  bobbins  A  A  from  the  intermediate  frame  are  again  doubled, 
drawn,  and  twisted  as  before ;  and  the  cotton,  now  called  "  roving," 
is  wound  upon  bobbins  ready  for  being  Anally  spun  into  thread. 
The  extent  of  drawing  in  the  three  pairs  of  drawing  rollers  B  is 
6  times,  and  the  front  pair  runs  at  a  surface  speed  of  29  feet  per 
minute ;  the  flier  G  is  driven  at  900  revolutions  per  minute,  and  thus 
puts  2\  tvnsts  per  inch  into  the  roving.  The  bobbins  A  A  supplying 
the  cotton  for  the  rovings  are  fitted  upon  wood  spindles  called 
"  skewers,"  pointed  at  the  lower  end  where  they  rest  upon  their 
bearings,  which  are  shallow  cups  made  of  glazed  earthenware; 
these  are  found  very  durable,  lasting  for  twenty  years  before  requiring 
renewal,  but  when  brass  or  t^ast-iron  bearings  were  previously  tried 
they  were  found  to  be  worn  through  in  as  many  months,  whilst  the 
skewers  made  of  lance  wood  were  but  little  worn.  The  spindles  D 
carrying  the  fliers  are  driven  by  skew-bevil  wheels  on  the  shafts  E 
at  the  bottom  of  the  machine.  The  bobbins  F  are  loose  upon  the 
spindles,  and  are  driven  by  skew-bevil  wheels  on  the  shafts  CT, 
carried  in  the  bobbin-lifter  H,  which  supports  the  bobbins  and  gives 
them  the  vertical  movement  on  the  spindles  D  for  winding  the 
roving  in  uniform  coils  from  top  to  bottom  of  the  bobbins. 

As  the  winding  is  efleoted  by  the  diflerence  of  speed  between 
the  bobbin  and  flier,  both  of  which  revolve  in  the  same  direction, 
the  speed  of  the  bobbin  may  either  exceed  that  of  the  flier,  or  the 
converse ;  and  both  plans  are  in  use  in  the  present  machines.  Wlien 
the  bobbin  runs  in  advance  of  the  flier,  the  speed  of  revolution  of 
the  bobbin  has  to  be  gradually  diminished  as  its  diameter  iincreases 
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by  each  snccessive  layer  of  roving  wound  on  ;  otherwise  the  delicate 
roving  would  be  irregularly  stretched  or  broken  by  the  relatively 
increasing  surface  speed  of  the  bobbin,  as  the  speed  of  the  drawing 
rollers  B  and  the  flier  C  is  required  to  be  constant  in  order  that  an 
equal  amount  of  twist  may  be  put  into  the  roving  throughout  its 
entire  length.  On  the  other  hand  when  the  bobbin  follows  the  flier, 
its  speed  of  revolution  has  to  be  gradually  increased  as  its  diameter 
increases  by  winding.  In  either  case  the  vertical  reciprocating 
movement  of  the  bobbin-lifter  H  has  to  be  gradually'  retarded,  to 
allow  a  longer  time  for  winding  each  successive  layer  of  roving 
upon  the  increasing  circumference  of  the  bobbin ;  and  the  length  of 
the  vertical  motion  is  also  diminished  at  each  reciprocation,  so  as 
to  give  the  required  conical  form  to  the  ends  of  the  bobbin,  which 
is  effected  by  means  of  a  separate  shortening  motion. 

The  arrangement  employed  at  the  present  time  for  obtaining  the 
differential  speed  of  the  bobbin  and  bobbin-lifter  in  the  slubbing, 
intermediate,  and  roving  frames,  is  Houldsworth's  ingenious  and 
successful  Differential  Motion,  which  was  introduced  in  1826,  and  is 
shown  in  Fig.  18,  Plate  76,  It  consists  of  three  portions,  the  first 
of  which  is  driven  at  a  constant  speed,  and  drives  the  spindles  and 
fliers ;  the  second  is  driven  from  the  first  at  a  speed  varying  in 
proportion  to  the  increase  of  diameter  of  the  bobbins ;  and  the 
third  portion,  from  which  the  bobbins  and  bobbin-lifter  are  driven, 
receives  a  differential  motion  compounded. of  the  other  two,  and 
therefore  also  varying  with  the  increasing  diameter  in  winding. 
The  shaft  K  being  driven  at  a  constant  speed  by  the  driving  strap 
over  the  pulley  L  imparts  a  uniform  speed  to  the  spindles  and  fliers 
by  the  pinion  M,  which  is  fast  upon  the  shaft.  The  pinion  N 
driving  the  bobbins  and  bobbin-lifter  runs  loose  upon  the  shaft,  and 
is  driven  through  the  differential  bevil  gearing  O  by  the  bevil  wheel  P 
keyed  upon  the  shaft  K.  The  two  bevil  wheels  0  0,  through  which 
the  differential  motion  is  obtained,  are  centred  in  the  disc  wheel  Q 
running  loose  upon  the  shaft  K.  If  the  disc  wheel  were  held 
stationary,  the  pinion  N  would  be  driven  through  the  wheels  0  0 
at  the  same  speed  as  the  wheel  P,  but  in  the  contrary  direction, 
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and  would  therefore  drive  the  bobbins  at  the  same  speed  as  the 
spindles ;  bat  if  the  disc  wheel  Q  were  made  to  revolve  upon  the 
shaft  K  at  half  the  speed  of  the  wheel  P,  but  in  the  contrary 
direction,  the  pinion  N  driving  the  bobbins  would  run  at  double  the 
speed  of  the  wheel  P.  If  therefore  the  disc  wheel  Q  be  driven  at 
an  intermediate  speed,  and  this  speed  be  also  made  to  vary  in 
proportion  to  the  increasing  diameter  of  the  bobbins,  the  pinion  N 
will  receive  and  impart  to  the  bobbins  and  bobbin-lifber  a  differential 
speed,  which  also  will  vary  in  the  ratio,  of  the  diameter  of  the 
bobbins.  This  object  is  obtained  by  driving  the  disc  wheel  Q 
through  the  pair  of  regulating  cones  R  and  S,  which  are  parallel 
but  reversed  end  for  end  in  respect  to  each  other ;  the  first  cone  R 
is  driven  at  a  constant  speed  direct  &om  the  shaft  EI,  and  drives 
the  second  cone  S  through  the  strap  T,  which  is  made  to  travel 
gradually  from  one  end  of  the  cones  to  the  other.  Hence  the  disc 
wheel  Q,  which  is  driven  by  the  second  cone  S,  runs  at  a  varying 
speed  depending  upon  the  position  of  the  strap  upon  the  cones  ;  and 
by  making  the  strap  travel  along  the  cones  at  a  rate  corresponding 
with  the  increasing  diameter  of  the  bobbins,  the  speed  of  revolution 
of  the  bobbins  is  accurately  proportioned  to  their  diameter  so  as 
to  give  the  required  uniformity  in  surface  speed  throughout  the 
winding.  The  travel  of  the  strap  T  is  effected  by  a  rack  motion  I 
and  ratchet-wheel  J,  Fig.  17,   each  vertical  reciprocation  of  the 
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8  pevolntioiis  for  eveiy  6  of  the  flier-pinion  M.  Similarly  when  the 
Btrap  is  at  the  end  Y  of  the  cones,  the  ratio  of  speed  of  the  disc 
wheel  to  the  driving  shaft  Kis^Xg:QX^  =  T^  nearly;  that  is 
the  disc  wheel  makes  one  revolution  for  every  sixteen  of  the  driving 
shaft,  and  in  the  contrary  direction;  and  therefore  the  bobbin- 
pinion  N  makes  18  revolutions  for  every  16  of  the  flier-pinion  M. 
Hence  the  ratio  of  speed  of  the  bobbin-pinion  to  the  flier-pinion  is 
32  to  24  in  the  first  case  and  27  to  24  in  the  second ;  and  the  total 
reduction  of  speed  of  the  bobbins,  whilst  the  strap  travels  along  the 
entire  30  inches  length  of  the  cones,  is  5-32nds  or  16  per  cent,  of 
their  original  speed,  which  is  the  range  of  variation  required  to 
allow  for  the  increasing  diameter  of  the  bobbins  in  winding. 

The  differential  motion  affords  the  means  of  obtaining  this 
delicacy  of  adjustment  with  a  compact  and  easily  worked  apparatus ; 
and  by  virtually  magnifying  the  range  of  variation  required  avoids 
the  use  of  cones  with  too  small  a  taper  for  good  working.  The 
arrangement  shown  in  Fig.  18  is  for  the  case  of  the  bobbin  running 
in  advance  of  the  flier,  when  the  speed  of  the  bobbin  has  to  be 
reduced  as  its  diameter  increases  in  winding ;  and  the  action  of  the 
differential  motion  is  exactly  similar  in  the  converse  case  of  the 
bobbin  following  the  flier,  the  only  difference  being  that  the  disc 
wheel  Q  must  then  be  made  to  rotate  in  the  same  direction  as  the 
driving  shaft  K,  instead  of  in  the  contrary  direction.  As  the  advance 
of  the  driving  strap  T  along  the  cones  is  a  uniform  amount  at  each 
reciprocation  of  the  bobbin-lifter,  the  driving  cone  R  requires  to 
be  shaped  with  a  concave  outline  and  the  driven  cone  S  with  a 
corresponding  convex  outline  ;  since  the  absolute  increase  made  in 
the  diameter  of  the  bobbin  by  each  successive  layer  of  roving  bears 
a  continually  diminishing  ratio  to  the  increasing  diameter  of  the 
bobbin,  requiring  the  variation  of  speed  therefore  to  be  effected  also 
in  a  continually  diminishing  ratio. 

Arkwright's  Can  Frame  was  the  first  machine  invented  of  the 
class  now  comprising  the  slubbing,  intermediate,  and  roving  fi^mes 
above  described  ;  it  consisted  of  a  row  of  revolving  cans,  into  which 
the  sliver  was  delivered  from  a  set  of  drawing  rollers  similar  to 
those  used  in  the  drawing  frame.     The  cans  were  driven  by  bands 
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passing  round  pulleys  at  the  bottom,  and  the  top  of  each  can  was 
contracted  into  a  tubular  neck,  forming  a  bearing,  which  ran  in 
a  bush  in  the  framing  of  the  machine,  and  through  which  the  sliver 
from  the  drawing  rollers  was  delivered  into  the  can  in  irregular 
coils.  There  were  three  or  four  pairs  of  drawing  rollers  in  this  can 
frame,  and  two  of  the  slivers  from  the  drawing  frame  being  fed  into 
the  rollers  were  doubled  and  drawn  into  one  of  about  eight  times 
the  original  length,  which  was  delivered  into  the  can ;  and  when 
the  can  was  full  the  sliver  or  roving  was  taken  out,  and  wound  upon 
bobbins  by  a  separate  winding  machine.  As  the  sliver  was  merely 
delivered  into  the  can  of  the  can-frame  through  the  central  orifice 
at  the  top,  it  did  not  receive  any  regular  coiling  into  the  can,  and 
the  amount  of  twist  imparted  to  it  was  therefore  irregular ;  the  can 
made  about  100  revolutions  per  minute,  and  the  sliver  being  delivered 
from  the  rollers  at  about  16  feet  per  minute,  the  average  twist 
amounted  to  only  about  ^  turn  per  inch  of  roving.  Hence  the 
delicate  roving  was  liable  to  be  injured  in  being  conveyed  to  the 
winding  machine. 

The  next  step  in  improvement  was  made  by  substituting  spindles, 
fliers,  and  bobbins,  in  place  of  the  cans  in  the  can-frame ;  and  the 
spindles  and  fliers  being  driven  at  a  constant  speed,  the  differential 
motion  was  applied  for  driving  the  bobbins  and  bobbin-lifter  at  the 
varying  speed  required  by  the  increasing  diameter  of  the  bobbins. 


COTTON    MACHINERY.  227 

is  mncli  more  conveBient  than  having  to  change  the  rack.  When 
this  form  of  the  differential  motion  was  first  applied,  one  cone  drum 
only  was  nsed,  with  counter  pulleys,  and  a  weighted  pulley  for 
keeping  the  strap  tight ;  but  latterly  the  two  cone  drums  shown  in 
'Fig.  18  have  been  used  instead,  made  with  corresponding  concave 
and  convex  surfaces  so  that  the  strap  continues  equally  tight  in  all 
positions. 


Spinning. — The  final  operation  of  spinning  into  threads  the 
rovings  delivered  from  the  roving  frame  has  been  the  subject  of  so 
great  an  exercise  of  inventive  abilities,  and  has  undergone  so  many 
practical  improvements  in  detail  down  to  the  present  time,  that  it 
is  impossible  to  do  more  in  the  present  paper  than  notice  briefly 
the  more  important  steps  which  have  led  to  the  remarkable  perfection 
attained  in  the  self-acting  mules  now  employed  for  this  purpose. 

In  the  practical  working  of  Arkwright's  spinning  machine  and 
Hargreaves'  spinning  jenny,  Figs.  1  and  2,  Plate  68,  it  was  found 
that  the  rovings  and  threads  produced  were  both  coarse  and 
uneven,  only  fit  for  the  manufacture  of  quiltings,  and  poorly 
adapted  even  for  that  purpose.  A  great  improvement  in  this  respect 
was  effected  in  1779  by  Samuel  Crompton's  spinning  machine  or 
**  mule,"  which  was  a  combination  of  Paul's  or  Arkwright's  spinning 
machine  and  Hargreaves'  jenny,  combining  the  drawing  roller 
arrangement  in  the  former  with  a  modification  of  the  sliding 
crossbar  and  spinning  spyadles  in  the  latter.  In  this  machine  the 
spindles  were  placed  in  a  moveable  carriage,  which  had  a  stretch 
OP  run  of  about  54  inches ;  and  the  rovings  delivered  from  the 
drawing  rollers  in  a  soft  state  were  further  drawn  by  the  spinner 
in  palling  the  carriage  backwards  from  the  rollers,  and  completely 
twisted  by  the  receding  spindles,  ready  for  being  wound  upon  the 
spindles  during  the  run-in  or  return  traverse  of  the  carriage  and 
spindles.  In  the  spinning  jenny  each  successive  length  of  the 
rovings  was  held  by  the  clasp  on  the  sliding  crossbar,  and  the 
stretching  of  the  rovings  was  done  entirely  by  drawing  back  the 
crossbar  by  hand  from  the  spindles ;  and  in  Arkwright's  machine 


Digitized  by 


Google 


228 


COTTON    MACHINEBT. 


tlie  stretcliing  was  performed  entirely  by  the  rollers:  but  in 
Crompton's  mule  the  stretching  was  accomplished  partiaQj  by  the 
drawing  rollers,  when  the  carriage  and  spindles  began  to  recede 
from  the  roller  beam,  and  partially  by  the  continued  run-out  of  the 
carriage  after  the  rollers  had  been  stopped.  The  rollers  were 
stopped  when  the  carriage  had  receded  nearly  the  length  of  its 
run,  and  they  then  acted  as  a  clasp  to  hold  the  threads  during  the 
completion  of  the  stretching  and  twisting. 

Crompton*s  first  mule  contained  about  thirty  spindles ;  and  the 
threads  spun  by  it  were  &r  superior  in  regularity,  strength,  and 
fineness,  to  any  ever  spun  before.  They  realised  about  double  the 
prices  obtained  in  1743  for  the  same  counts  of  yam  spun  by  other 
machines,  and  must  therefore  have  been  very  superior  in  quality, 
having  been  produced  much  more  cheaply ;  and  in  order  to  show 
what  could  be  done  with  the  mule,  small  quantities  were  spun  as 
fine  as  No.  80,  which  is  such  a  quality  of  thread  that  80  hanks  of 
840  yards  each  weigh  together  1  lb.  The  adoption  of  these  mules 
extended  so  rapidly  that  in  1811,  thirty-two  years  after  the  first 
was  made,  there  were  600  mills  containing  4,209,000  spindles 
working  on  this  plan,  and  only  810,500  spindles  on  Arkwright's 
plan,  and  155,900  spindles  on  the  spinning-jenny  plan. 

Many  of  the  principal  movements  however  in  the  working  of 
Crompton's  mule  still  required  to  be  performed  by  hand  by  the 
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self-acting    was    therefore    the    great    aim    in    the     subsequent 
improvements. 

In  1818  the  entire  operation  of  winding  up  the  spun  threads 
into  cops  on  the  spindles  was  rendered  altogether  self-acting  by 
Mr.  William  Eaton.  This  involved  both  a  self-acting  method  of 
performing  the  backing-ofF,  which  has  to  be  done  at  the  conclusion 
of  the  twisting  of  each  stretch,  before  "the  winding  begins ;  and  also 
a  self-acting  arrangement  in  connection  with  the  faller-wire,  for 
guiding  the  threads  regularly  upon  the  cops  during  the  winding, 
and  a  self-acting  contrivance  for  regulating  the  speed  of  the  spindles 
according  to  the  increasing  size  of  the  cops. 

The  arrangement  of  Eaton's  Backing-Off  Motion  is  shown  in 
Figs.  19  and  20,  Plate  11.  The  main  shaft  or  "  rim  shaft  "  A,  from 
which  the  driving  motion  of  the  spindles  in  the  travelling  caniage 
is  derived,  is  itself  driven  in  the  forward  direction  during  the 
twisting,  and  again  during  the  winding,  by  the  driving  strap 
running  on  the  fast  pulley  B,  as  shown  by  the  dotted  lines  in  Fig.  20. 
The  loose  pulley  0  communicates  a  slow  motion  through  intermediate 
pinions  to  the  wheel  D  revolving  loose  upon  the  shaft  A  but  in  the 
contrary  direction;  and  at  the  other  end  of  the  shaft  A  is  a 
corresponding  wheel  E  fast  upon  the  shaft.  The  two  toothed 
sectors  FF  are  keyed  upon  a  shaft  G,  which  is  carried  in  the 
rocking  frame  H ;  and  the  weight  K  on  the  rocking  frame  is 
constantly  acting  to  draw  the  sectors  back,  out  of  gear  with  the 
wheels  D  and  E;  while  the  sectors  themselves  are  only  partly 
counterbalanced  by  the  second  weight  L,  and  are  ready  to  fall 
down  into  gear  with  the  wheels  as  soon  as  the  catch  I,  by  which 
they,  are  held  up  out  of  gear,  is  released.  When  the  twisting  of  the 
threads  is  completed,  the  driving  strap  is  shifted  to  the  loose 
pulley  C,  and  the  forward  motion  remaining  in  the  shaft  A  is  arrested 
by  a  friction  break  carrying  a  ratchet  wheel,  which  is  caught  by  a 
hook  falling  into  gear  at  the  moment  of  reversing  the  strap.  The 
pull  upon  this  hook  extends  a  spiral  spring,  the  recoil  of  which  is 
made  to  release  the  catch  I ;  and  the  sectors  F  falling  into  gear 
with  the  wheels  D  and  E,  a  backward  motion  is  then  communicated 
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to  the  shaft  A  from  the  loose  pulley  C  mnning  forwards,  whereby 
the  spindles  are  made  to  turn  backwards  through  the  few  revolutions 
necessary  for  backing  off  the  spiral  coils  of  thread  at  the  top  of  the 
spindles,  preparatory  to  winding.  As  the  form  of  cop  employed 
was  a  simple  cone,  increasing  in  height  at  the  same  time  as  in 
diameter  (as  shown  in  Fig.  21),  the  length  of  the  spiral  coils  that 
require  backing  off  at  the  top  of  the  spindles  becomes  less  with  the 
increasing  height  of  the  cops  on  the  spindles,  and  the  number  of 
backward  turns  in  the  backing-off  has  therefore  to  be  gradually 
diminished  as  the  cops  approach  completion ;  this  is  effected  by  an 
adjustable  stop  underneath  the  sectors  F,  which  is  gradually 
elevated  in  proportion  to  the  increasing  height  of  the  cops.  This 
stop  is  connected  with  a  lever  catching  against  a  stud  at  the  lower 
extremity  of  the  arm  H  of  the  rocking  frame  ;  and  the  downward 
movement  of  the  sectors  F,  while  in  gear  with  the  wheels  D  and  E, 
depresses  the  stop  until  at  length  the  arm  H  is  liberated;  the 
weight  K  then  withdraws  the  sectors  out  of  gear,  whereby  the 
backward  motion  of  the  shaft  A  is  stopped.  By  then  shifting  the 
driving  strap  to  the  fast  pulley  B,  the  shaft  A  is  again  driven  in 
the  forward  direction,  and  the  threads  previously  spun  are  wound 
up  on  the  spindles  as  the  carriage  runs  inwards.  The  pin  J  fixed 
upon  the  carriage,  travelling  inwards  in  the  direction  of  the  arrow, 
now  comes  in  contact  with  the  tail  of  the  lever  M,  and  lifts  the 
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during  tlie  nm-oiit  in  tlie  opposite  direction  tlie  weight  B  is  held 
np  in  the  position  shown,  by  the  catch  F  holding  the  tail  of  the 
lever  G.  This  catch  is  withdrawn  by  the  downward  movement  of 
the  sectors  in  the  backing-off  motion,  and  the  weight  B  then  brings 
the  front  end  of  the  lever  Q  down  upon  an  arm  on  the  front  side  of 
the  faller  shaft  C,  depressing  the  faller  wire  A  upon  the  threads  H. 
The  roller  I,  carried  upon  an  arm  on  the  back  of  the  faller  shaft,  is 
thus  brought  up  against  the  pin  J  fixed  in  the  parallel-motion 
bar  K,  and  is  "  locked  "  by  the  latch  L ;  so  that  by  the  vertical 
movement  of  the  bar  K  the  faller  wire  A  is  raised  and  lowered 
during  the  winding  of  the  threads,  for  guiding  them  upon  the  cops 
from  end  to  end.  The  reciprocation  of  the  bar  K  is  obtained  by  its 
bottom  end  resting  upon  the  shaper  fasee  or  long  tapered  cam  M, 
which  is  driven  by  the  pinion  N  from  the  toothed  wheel  0  travelling 
along  a  rack  P  fixed  upon  the  floor.  As  soon  as  the  carriage  has 
begun  to  run  in,  the  weight  B  is  lifted  off  the  faller  and  raised  again 
to  its  original  position  by  the  tail  B.  of  the  lever  coming  in  contact 
with  a  fixed  stop  S.  When  the  carriage  arrives  at  the  end  of  its 
run-in,  the  sliding  bolt  T  coming  against  a  fixed  stop  pushes  back 
the  latch  L,  and  unlocks  the  roller  I ;  and  a  balance  weight  upon 
the  back  of  the  faller  shaft  0  raises  the  faller  wire  A  clear  off  the 
threads  into  the  extreme  position  shown  by  the  dotted  lines.  For 
regulating  the  shape  of  the  cop  as  its  size  increases,  the  shaper 
fasee  M  is  gradually  traversed  endways  along  its  shaft  N  by  the 
rack  and  pinion  U  driven  by  a  worm  wheel  from  the  ratchet  V, 
which  is  turned  round  one  tooth  at  a  time  by  the  lever  W  coming 
against  a  stop  X  fixed  on  the  floor  at  each  end  of  the  run  of  the 
carnage. 

In  1825  further  improvements  were  introduced  by  Mr.  Maurice 
de  Jongh,  the  backing-off  motion  being  driven  by  a  tack  instead  of 
by  sectors ;  and  with  the  backing-off  was  combined  the  process 
of  putting  down  the  faller  wire  to  the  required  part  of  the  cops  for 
the  commencement  of  the  winding.  The  working  of  the  faller  for 
guiding  the  threads  during  winding  was  effected  by  an  arm  on  the 
back  of  the  faller  shaft,  carrying  a  roller,  which  travelled  along  a 
template   or   "  copping  rail "  extending   the  whole  length  of  the 
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fetretch.  The  upper  edge  of  this  copping  rail  was  shaped  according  to 
the  form  of  cop  required,  and  the  entire  rail  was  gradually  lowered 
by  a  regulating  screw  at  each  end  as  the  cop  was  built  up.  The 
winding  of  the  threads  on  the  cops  was  done  by  employing  a  slack 
strap  or  friction  strap  for  driving  the  main  shaft  or  "  rim  shaft  "  of 
the  mule,  during  the  run-in  of  the  carriage ;  and  this  strap  was 
tightened  by  a  weight  and  two  friction  pulleys  pressing  against  it, 
the  weight  being  adjusted  so  as  to  make  the  strap  drive  or  slip  as 
required  for  keeping  the  threads  in  proper  tension. 


It  was  also  in  1825  that  the  late  Mr.  Richard  Roberts'  Self- 
Acting  Mule  was  first  brought  out,  which,  with  the  addition  of  ftirther 
improvements  subsequently  introduced  by  himself  and  others,  is  the 
form  of  self-acting  mule  almost  universally  employed  at  the  present 
time  for  spinning  cotton.  In  this  mule  the  fe,ller  wire  was  for  the 
first  time  put  down  by  the  agency  of  the  "rim  shaft'*  or  main 
driving  shaft  of  the  machine,  during  the  time  that  the  shaft  is 
turning  the  reverse  way  for  backing  off. 

The  arrangement  of  Faller-Wire  Motion,  as  employed  in  the 
present  spinning  mules,  is  shown  in  Figs.  22  to  25,  Plates  79  and  80. 
A  is  the  top-faller  arm,  which  is  made  of  the  sickle  shape  shown  in 
the  drawing  for  the  purpose  of  enabling  it  to  put  down  the  faller 
wire  to  the  bottom  of  the  cops  J,  without  the  arm  itself  being 
required  to  pass  down  bct\yeeii  the  cops,  so  as  to  save  room  in  the 
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part  of  a  revolution  in  the  reverse  direction,  as  indicated  by  the 
arrow,  sufficiently  for  unwinding  the  coils  in  backing  off;  and 
the  snail  F  then  comes  into  action  and  winds  up  the  chain  D, 
thereby  bringing  the  top  faller-wire  A  down  upon  the  threads  W  and 
depressing  them  towards  the  bottom  of  the  cops.  On  the  back  of 
the  faller  shaft  I  is  fixed  the  curved  arm  B,  against  which  bears  the 
vertical  locking  bar  H ;  and  when  the  arm  B  is  lifted  by  the 
depression  of  the  faller  A,  its  extremity  is  caught  by  the  recess 
in  the  bar  H,  which  is  thrown  forwards  by  the  bell-crank  lever  K, 
as  shown  in  Fig.  24 ;  the  tail  of  this  lever  having  been  brought, 
by  the  run-out  of  the  carriage  G,  under  the  corresponding  bell- 
crank  L  fixed  in  the  end  frame  of  the  mule,  has  previously  extended 
the  spiral  spring  attached  to  the  bell-crank  L,  Fig.  23,  the  recoil 
of  which  throws  the  locking  bar  H  forwards  as  soon  as  the  arm  B 
is  sufficiently  raised.  Fig.  24.  The  pulley  E  is  carried  on  a  rocking 
lever  R,  the  tail  of  which  presses  against  the  stop  S  in  the  end 
frame  of  the  mtde  during  the  time  that  the  chain  D  is  depressing 
the  faller.  Fig.  23 ;  but  at  the  moment  when  the  locking  bar  H 
is  thrown  forwards  to  lock  the  faller  arm  B,  the  stop  S  is  loweredj 
as  shown  in  Fig.  24,  clear  of  the  tail  of  the  lever  R,  allowing  the 
pulley  E  to  yield  to  the  ftirther  pull  of  the  chain  D  until  the  reverse 
motion  of  the  tin  roller  in  backing  off  is  stopped ;  by  this  means  the 
snail  P,  Fig.  23,  is  prevented  jfrom  depressing  the  faller  wire  A 
beyond  the  required  distance  down  the  height  of  the  cop. 

The  faller  being  thus  locked,  the  carriage  G  begins  to  run  in, 
in  the  opposite  direction  to  that  indicated  by  the  arrows  in  Fig.  22 ; 
and  while  the  spindles  wind  up  the  threads  on  the  cops,  the  faller 
wire  is  gradually  allowed  to  rise  by  the  locking  bar  H  running  down 
the  inclined  copping  rail  M,  the  curved  arm  B  being  kept  constantly 
pressed  home  in  the  notch  of  the  locking  bar,  by  a  counterbalance 
weight  or  spring  acting  on  the  back  of  the  faller  shaft  T  to  raise  the 
faller  A.  The  length  of  the  stretch  or  run-in  of  the  carriage  G  is 
63  inches,  which  is  therefore  the  length  of  thread  to  be  wound  upon 
the  cop  J  at  each  time  of  winding ;  and  this  whole  length  of 
63  inches  of  spun  thread  in  each  stretch  is  wound  upon  the  cop 
during  each  stroke  of  the  faller  wire.     The  mode  of  building  up  the 
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cop  in  successive  stages  is  shown  half  fidl  size  in  Fig.  26^  Plate  81 ; 
and  in  order  to  allow  for  the  increasing  diameter  of  the  cop,  the 
successive  layers  of  thread  are  wound  upon  it  in  more  open  coils 
as  the  size  increases,  as  indicated  hy  the  dotted  lines,  which  is 
effected  by  gradually  increasing  the  range  of  the  £EJler  wire ;  at 
thQ  same  time  the  ends  of  the  cop  are  made  of  the  conical  form 
shown  in  the  drawing.  The  length  of  range  or  "  chase "  of  the 
faller  wire  at  the  commencement  of  the  cop  upon  the  bare  spindles 
is  only  from  A  to  B  ;  but  this  is  gradually  increased  until  the  cop 
has  attained  its  full  diameter  C  C,  when  the  length  of  range  is 
from  C  to  D ;,  after  which  the  range  is  slightly  diminished  again  to 
the  length  E  F  in  finishing  the  cop.  For  the  purpose  of  obtaining 
the  requisite  motion  of  the  faller  wire  for  giving  these  successive 
shapes  to  the  cop  during  the  winding,  the  extremities  of  the  copping 
rail  M,  Fig.  22,  are  supported  on  the  two  sliding  wedges  N  and  O, 
which  are  kept  at  an  invariable  distance  apart  by  a  connecting  rod. 
In  commencing  the  winding  of  a  set  of  cops  upon  the  bare  spindles, 
as  shown  at  A  B  in  Fig.  26,  the  copping  rail  is  set  at  the  top  of 
the  wedges  and  is  at  its  smallest  inclination;  and  after  each 
successive  layer  has  been  wound  on,  the  two  wedges  are  sHded 
from  under  the  rail  by  a  traversing  screw  worked  by  a  ratchet- 
wheel,  which  is  advanced  one  or  more  teeth  during  each  run-out 
of  the  carriage  G,  Fig.  22.  By  this  means  the  copping  rail  M  is 
radually  lowered  at  botli  ends,  and  at  the  same  time  its  inclination 
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the  point  at  which  the  winding  of  the  new  layer  is  to  be  started, 
about  three  coils  being  wound  on  during  the  descent  of  the  faller, 
as  indicated  by  the  spiral  dotted  line  from  F  to  E  in  Fig.  27,  and 
the  remainder  during  the  rise  of  the  faller.  When  the  spindles 
arrive  at  the  rollers  P,  as  shown  in  Fig.  25,  having  wound  up  the 
63  inches  stretch  of  threads,  the  stop  U  pushes  back  the  locking 
bap  H,  thereby  releasing  the  faller  A,  which  immediately  rises  clear 
of  the  threads  W. 

The  counter-faller  wire  is  carried  by  the  arm  V  from  a  second 
^hafb  behind  the  top-faller  shaft  I,  and  during  the  winding  it  bears 
up  constantly  against  the  underside  of  the  threads  W,  as  shown 
in  Figs.  23  and  24,  with  a  slight  pressure  from  a  counter-balance 
weight  or  spring  acting  on  the  shaft,  so  as  to  ensure  keeping  the 
threads  in  proper  tension;  during  the  spinning  the  counter-faller 
is  held  up  just  beneath  the  threads,  but  without  touching  them, 
as  shown  in  Fig.  22.  The  arm  V  of  the  counter-fiiller  is  curved  as 
shown  in  the  drawing,  so  as  to  reach  over  the  shaft  I  of  the  top 
&ller,  and  also  to  avoid  passing  down  between  the  cops ;  and  the 
curved  arm  B  on  the  back  of  the  top-faller  shaft  I  is  shaped  so  as 
to  clear  the  shaft  of  the  counter-faller.  The  height  of  the  counter- 
faller  wire  is  employed  as  a  means  of  regulating  the  speed  of  the 
spindles  in  winding,  in  the  manner  afterwards  explained,  so  as  to 
avoid  the  occurrence  of  any  slack  in  the  threads. 

Roberts'  Backing-Off  Motion  as  employed  in  the  present  mules 
is  shown  in  Fig.  28,  Plate  81,  which  is  a  plan  of  the  main  driving 
shaft  or  "  rim  shaft "  A  of  the  machine,  carrying  the  large  "  rim 
wheel "  Z  or  double-grooved  pulley  driving  the  whole  of  the  mule 
spindles  by  the  endless  cords  XX,  Fig.  22,  passing  round  the 
pulleys  Y  Y.  On  the  boss  of  the  loose  pulley  B  is  a  pinion  C,  which 
through  a  train  of  intermediate  wheels  D  D  drives  in  the  reverse 
direction  and  at  the  required  slower  speed  the  spur  wheel  and 
friction  cone  E,  also  running  loose  upon  the  shaft  A  and  sliding 
longitudinally  upon  it.  This  friction  cone  engages  in  a  corresponding 
hollow  cone  inside  the  fast  pulley  F  ;  and  when  the  driving  strap  is 
shifted  from  the  fast  pulley  F  to  the  loose  pulley  B  for  the  purpose 
of  backing  off,  the  friction  cone  is  also  brought  up  against  the  fast 
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pulley,  thereby  first  arresting  by  friction  the  forward  motion  of  the 
driving  shaft  A,  and  then  giving  it  the  reverse  motion  for  backing 
off. 

Roberts'  Winding  Quadrant  for  regulating  the  winding  of  the 
threads,  by  diminishing  the  speed  of  the  spindles  in  proportion  as 
the  diameter  of  the  cops  increases,  is  shown  in  Fig.  29,  Plate  82. 
This  very  ingenious  contrivance  has  never  been  superseded,  and  is 
employed  in  almost  every  self-acting  mule  at  the  present  day.  The 
quadrant  A  turns  upon  a  fixed  centre  C  in  the  frame  of  the  mule, 
and  a  pinion  B  gears  into  it,  which  is  driven  by  a  band  and  pulley 
receiving  motion  from  the  traverse  of  the  carriage  G,  the  arrows 
indicating  the  direction  of  motion  during  the  run-in  of  the  carriage. 
The  grooved  arm  D  of  the  quadrant  contains  a  double-threaded 
screw,  by  which  the  sliding  nut  E  is  traversed  outwards  from  the 
centre  of  motion  C  towards  the  extremity  of  the  arm  D.  When  the 
carriage  is  at  the  outer  end  of  its  stretch,  the  arm  D  stands  inclined 
12*'  outwards  from  the  vertical,  as  shown  by  the  dotted  lines ;  and 
during  the  run-in  of  the  carriage  it  turns  inwards  through  an  arc 
of  90''.  A  chain  F  attached  to  the  nut  E  is  coiled  round  a  drum 
H  inside  the  carriage  G,  and  as  the  carriage  recedes  from  the 
quadrant  arm  during  the  run-in  the  chain  thus  causes  the  drum  to 
rotate,  and  thereby  drives  the  spindles  T  through  the  intervention 
of  the  tin  roller  I  geared  to  the  drum  H.     At  the  commencement 
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of  the  threads  W  during  the  winding.  The  depression  of  the  counter- 
fialler  towards  the  lower  part  of  the  cop  J  brings  down  the  end  of  a 
governing  lever  npon  a  horizontal  strap,  which  passes  ronnd  a 
pnlley  on  the  headstock  of  the  mnle  and  round  another  on  the 
centre  shaft  0  of  the  quadrant ;  and  on  this  shaft  is  a  bevil  pinion 
gearing  into  a  second  bevil  pinion  on  the  end  of  the  double- threaded 
traversing  screw  in  the  arm  D ;  so  that  when  the  governing  lever 
is  depressed  upon  the  strap  by  the  counter-faller,  the  forward 
motion  of  the  lever  as  the  carriage  runs  in  drags  the  strap  along 
with  it  by  friction  and  turns  the  shaft  C  forwards,  sliding  the  nut  E 
outwards  towards  the  circumference  of  the  quadrant.  At  the 
moment  when  the  backing-off  motion  has  ceased  and  the  carriage 
begins  to  run  in  for  winding  up  the  stretch  of  thread  spun,  as 
shown  in  Fig.  24,  the  counter-faller  wire  V  is  at  its  highest  working 
position,  compensating  for  the  additional  length  of  thread  that  has 
been  uncoiled  from  the  top  of  the  spindle  in  backing  off  after  the 
spinning  of.  the  stretch  was  completed.  The  nut  E  however.  Fig.  29, 
is  still  at  the  same  distance  from  the  centre  G  of  the  quadrant 
as  it  was  at  the  conclusion  of  winding  the  previous  stretch ;  and 
therefore,  as  the  diameter  of  the  cop  is  now  greater  by  winding  the 
new  layer  of  thread  outside  the  previous  one,  the  winding  of  the 
new  stretch  commences  rather  too  fast,  and  begins  at  once  to  take 
up  the  length  of  thread  given  out  in  the  backing  off.  The  counter- 
feller  V  is  thus  depressed,  and  by  means  of  the  governing  lever 
slides  the  nut  E  further  out  from  the  centre  0,  until  the  speed  of 
winding  is  sufficiently  diminished  to  allow  the  counter-faller  to 
rise  again  high  enough  for  hfting  the  governing  lever  off  the  strap. 
It  will  be  seen  that,  in  consequence  of  the  arm  D  describing  the 
quadrant  of  a  circle,  the  horizontal  motion  of  the  nut  E  in  the 
winding  of  each  stretch  is  greatest  at  the  commencement  of  the 
winding  and  gradually  diminishes  as  the  carriage  runs  in;  and 
the  effect  of  this  is  that  the  speed  of  winding  is  gradually  increased 
towards  the  end  of  each  stretch.  By  this  means  the  threads  are 
wound  uniformly  upon  the  cops,  with  an  equal  degree  of  tightness 
throughout. 
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The  whole  mnle  is  driyen  by  a  strap  3f  inches  broad,  miming 
over  the  fast  pulley  F,  Fig.  28,  on  the  rim  shaft  A,  and  travelling 
at  about  1670  feet  per  minute  or  about  19  miles  per  hour.  The 
driving  power  required  is  about  1  indicated  horse  power  per 
230  spindles,  or  4j  horse  power  for  each  mule  containing 
1000  spindles.  The  speed  of  the  endless  cord  X  passing  round  the 
rim  wheel  Z,  Fig.  22,  is  2640  feet  per  minute  or  about  30  miles  per 
hour.  The  carriage  of  the  mule  makes  3  to  3|  double  journeys  out 
and  home  per  minute,  the  length  of  stretch  being  63  inches ;  but  the 
velocity  varies  at  different  parts  of  the  traverse,  the  carriage  being 
taken  in  by  a  pair  of  scrolls  in  the  centre  of  the  machine,  and 
drawn  out  by  three  spiral  grooved  pulleys  keyed  upon  a  shaft 
running  the  entire  length  of  the  mule,  one  pulley  being  in  the 
middle  of  the  shaft  and  one  at  each  end.  The  length  of  the  carriage 
being  upwards  of  100  feet,  a  parallel  motion  is  required  for  keeping 
the  carriage  straight ;  and  this  is  obtained  by  a  horizontal  traversing 
pulley  at  each  end  of  the  carriage,  traversing  along  fixed  cords  and 
thereby  made  to  revolve ;  and  these  two  pulleys  being  also  coupled 
together  by  a  crossed  cord  are  compelled  to  revolve  at  the  same 
rate,  and  consequently  cause  each  end  of  the  carriage  to  travel  at 
the  same  rate.  There  are  three  pairs  of  drawing  rollers  P,  Fig.  22, 
by  which  the  rovings  are  drawn  about  8  times  before  being  delivered 
for  spinning.  The  last  pair  of  rollers  delivers  the  rovings  at  a 
speed  of  2G  feet  yev  minute,  until  the  carriage  G  has  run  out  the 
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an  average  nmnber  of  yarn,  sncli  as  No.  32,  wHcli  is,  snch  a  quality 
tliat  32  hanks  of  840  yards  eacli  weigh  together  1  lb. ;  the  time  of 
"winding  each  stretch  is  about  3f  seconds.  The  velocity  of  the 
spindles  is  about  390  revolutions  per  minute  in  winding,  and  in 
twisting  the  speed  ranges  from  8000  down  to  3000  for  coarse  work, 
a  common  average  being  about  6500  to  7000  revolutions  per  minute. 
In  backing  off  the  velocity  of  revolution  is  about  l-20th  of  that  in 
twisting.  The  direction  of  rotation  of  the  spindles  is  the  same  in 
twisting  and  in  winding,  and  the  thread  is  wound  on  in  a  right-handed 
spiral  when  spinning  twist,  and  left-handed  when  spinning  weft. 
Fig.  27,  Plate  81,  shows  full  size  the  conical  form  of  the  top  of  the 
spindles  for  the  purpose  of  letting  the  thread  slip  off  freely  at  each 
revolution  in  twisting;  and  the  two  lines  G  and  H  show  the 
extreme  inclinations  of  the  thread  to  the  spindles  during  the 
twisting.  The  larger  angle  shown  by  the  dotted  line  G,  when  the 
spindles  are  nearest  to  the  drawing  rollers,  is  about  145^  ;  and  the 
smaller  angle  shown  by  the  full  line  H  is  about  105^,  when  the 
spindles  are  at  the  outer  extremity  of  the  stretch.  The  spindles 
themselves  are  inclined  inwards  towards  the  drawing  roflers  at  an 
angle  of  about  12°  from  the  vertical,  as  shown  in  the  drawing. 

In  a  mule  invented  by  Mr.  John  Robertson  in  1834  and  brought 
out  with  other  improvements  in  1839  by  Mr.  Smith  of  Deanston, 
the  chief  feature  was  the  use  of  a  mangle  wheel  for  performing  the 
principal  motions  and  changes,  including  a  method  of  increasing 
the  amount  of  twist  put  into  the  threads  during  the  last  few  inches 
of  each  stretch.  The  mule  of  Mr.  James  Potter  also  possesses  some 
features,  which,  although  they  hftve  not  been  largely  adopted,  have 
much  merit  in  them.  The  carriage  is  moved  in  and  out  by  an  arm 
travelling  through  half  a  revolution,  so  that  the  motion  begins  and 
ends  slowly  and  is  quickest  at  the  middle  of  the  stretch.  The 
winding  on  is  effected  by  an  adjustable  conical  drum,  the  larger  end 
of  which  is  of  the  proper  size  for  winding  upon  the  bare  spindles, 
and  the  smaller  for  the  full  cops  ;  the  drum  is  traversed  longitu- 
dinally on  its  shaft  by  a  screw  of  differential  pitch,  to  the  nut  of 
which  is  attached  the  winding  chain  that  coils  on  the  drum ;  and 
the  position  of  the  chain  on  the  drum  is  changed  rapidly  at  the 
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commencement  of  a  set  of  cops,  and  more  slowly  as  ihej  fill  np. 
This  spiral  cone  dmm  was  subsequently  replaced  by  a  contracting 
spiral  pnlley,  whicb  at  frill  diameter  drove  the  bare  spindles,  and 
gradually  contracted  as  the  cops  approached  completion. 

The  number  of  spindles  in  the  self-acting  mules  has  been 
gradually  increased,  until  at  the  present  time  many  mules  contain 
1000  spindles  each.  One  pair  of  these  mules  requires  the  attendance 
of  only  one  man  and  two  boys,  for  cleaning  the  machines,  setting  in 
the  rovings,  attaching  the  broken  threads,  taking  off  the  cops  when 
full,  and  starting  the  machines  to  work  again.  In  spinning  No.  82 
yam  (in  which  the  weight  of  32  hanks,  each  containing  840  yards,  is 
1  lb.),  the  production  of  the  pair  of  mules  per  week  of  60  hours  is 
45,000  hanks,  or  21,477  miles  per  week,  weighing  1406  lbs.  The 
floor  space  occupied  by  one  of  the  mules  containing  1000  spindles  is 
about  116  feet  by  10  feet,  leaving  about  4  feet  for  passages  at  the 
ends  of  the  mules  in  the  modem  mills  of  120  feet  width.  The  cost 
of  a  modem  cotton  mill  for  spinning  No.  82  yam,  including  building, 
machinery  and  accessories,  steam  engine  and  shaftiog,  with  fire- 
proof floors  in  the  scutching  and  carding  rooms  and  timber  floors  in 
the  spinning  rooms,  averages  IBs,  per  spindle ;  and  one  mill  was 
built,  during  the  cotton  panic  caused  by  the  American  war,  for  lbs, 
per  spindle. 

'ho    proQ'i^ess    made   in    cotton    manufactiire    during   fbe   lasl 
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whole  of  64  million  miles  of  yam  per  day  of  10  liotirs  when  in  full 
work,  or  a  length  of  ihread  equal  to  more  than  four  times  round  the 
earth  every  minute. 


The  President  remarked  that  the  great  extent  of  the  advance 
effected  in  the  production  of  cotton  thread  by  the  employment  of 
the  modem  machinery  was  clearly  illustrated  by  the  particulars 
given  in  the  paper  just  read  as  to  the  rate  of  spinning  that  was  now 
attained.  In  India  the  old  system  of  hand  spinning  still  prevailed, 
as  it  had  existed  for  hundreds  of  years  past,  the  whole  process 
being  performed  by  the  fingers;  but  from  the  particulars  given 
in  the  paper  of  the  remarkable  results  now  attained  by  the 
improvements  in  machinery,  the  amount  of  thread  spun  by  one  of 
the  present  self-acting  mules  was  as  great  as  could  be  produced  by 
3000  hand  spinners  he  believed,  a  pair  of  these  mules  requiring 
only  the  attendance  of  three  persons,  each  of  whom  thus  did  as 
much  work  as  2000  could  accomplish  without  machinery. 

Mr.  B.  Fothergill  considered  they  were  greatly  indebted  to  the 
author  of  the  paper  for  the  clear  account  that  had  been  given  of 
the  progress  of  cotton  spinning,  tracing  the  principles  of  the 
successive  improvements  from  the  first  appHcation  of  machinery 
down  to  the  beautiful  contrivances  in  use  at  the  present  time.  The 
original  maohines  of  Paul  and  Arkwright,  both  the  spinning 
machine,  the  carding  engine,  and  the  drawing  frame,  were 
fortunately  all  preserved  now  in  the  South  Kensington  Museum, 
having  been  obtained  from  Arkwright*s  family;  they  were  in 
themselves  of  very  great  interest,  and  showed  clearly  that 
Arkwright  and  those  who  worked  with  him  had  a  thorough 
practical  knowledge  of  the  nature  of  the  fibre  to  be  operated  upon 
and  the  appropriate  means  to  be  employed.  He  was  glad  to  hear  it 
stated  in  the  paper  that  the  original  invention  of  the  principle  of 
drawing  by  rollers  was  due  to  Paul,  as  the  credit  of  the  invention 
had  until  recently  been  given  through  mistake  to  others.  It  might 
perhaps  not  be  generally  known  that  the  principle  of  Hargreaves' 
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spinning  jenny  was  still  adopted  in  spinning  wool  for  the 
manufacture  of  cloth ;  only  that  instead  of  the  roving  of  wool 
being  held  tight  by  a  clasp,  as  in  the  original  spinning  jenny,  a 
single  pair  of  rollers  was  used,  which  delivered  about  15  or  18  inches 
length  of  roving  at  a  time  to  be  twisted  into  thread,  and  the  rollers 
were  then  stopped  and  the  wool  drawn  out  little  by  little  by  the 
carriage  travelling  along  to  the  further  end  of  the  machine  and 
twisting  the  rovings  during  the  drawing.  The  principle  on  which 
this  process  was  successful  in  producing  a  uniform  degree  of 
elongation  throughout  the  length  of  the  rovings  was  that  wherever 
there  was  a  thin  place  in  the  thread  the  greater  portion  of  the  twist 
ran  into  that  part  at  first  and  thereby  rendered  it  more  difficult  to 
be  elongated  than  the  thicker  parts,  which  were  thus  drawn  down 
in  turn,  and  the  production  of  an  even  thread  was  the  result.  The 
same  principle  was  also  adopted  for  spinning  even  the  finer  numbers 
of  woollen  yam ;  but  three  pairs  of  rollers  were  then  used,  running 
at  difierent  speeds  to  aid  in  the  drawing  action  and  obtain  greater 
uniformity  of  thread,  instead  of  only  a  single  pair. 

Having  assisted  the  late  Mr.  Roberts  at  the  time  of  the  invention 
of  the  self-acting  mule,  he  remembered  the  introduction  of  the  first 
of  these  machines  at  Mr.  Birley's  cotton  mill  in  Manchester,  and 
the  great  difficulties  that  had  to  be  encountered  from  the  opposition 
of   the    workpeople.       Frequent    breakdowns    occurred    at    first, 
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important  to  give  prominence  in  the  paper  to  the  name  of  Paul,  as 
the  real  originator  of  drawing  bj  rollers,  becanse  it  had  hitherto 
always  been  cnstoraary  through  mistake  to  attribute  this  invention 
to  Arkwright  and  Hargreaves.  There  was  no  question  that  the 
amount  of  mechanical  ingenuity  displayed  during  the  last  forty 
years  in  connection  with  cotton  machinery  was  unparalleled  in 
history;  and  the  machine  that  was  above  all  others  the  most 
interesting,  and  the  one  in  which  mechanical  science  had  been 
brought  most  to  bear,  was  the  self-acting  mule.  A  great  many 
names  were  of  course  associated  with  the  maturing  of  the  many 
details  in  this  machine  and  bringing  it  to  its  present  state  of 
perfection;  but  no  one  shone  out  so  prominently  as  the  late 
Mr.  Richard  Roberts,  who  first  brought  true  mechanical  principles 
to  bear  in  the  construction  of  the  self-acting  mule ;  and  with  the 
exception  of  details,  the  working  of  the  machine  was  the  same  in 
principle  at  the  present  time  that  it  had  been  when  first  introduced 
by  him  about  1825.  Houldsworth  was  another  whom  it  was 
necessary  to  mention  particularly,  because  by  the  introduction  of 
the  difierential  motion  he  gave  a  character  of  perfection  to  roving 
machines  which  they  never  possessed  before.  The  self-stripping 
carding  engine  now.  generally  in  use  was  originally  introduced  by 
Mr.  Smith  of  Deanston ;  but  it  did  not  prove  commercially  successfdl 
until  worked  out  into  its  present  complete  shape  by  Mr.  Evan  Leigh. 
There  was  little  doubt  however  that  the  carding  engine  would  find 
a  great  rival  in  the  combing  machine,  which  had  been  invented  in 
France  and  recently  introduced  into  this  country  for  a  different 
purpose;  ai;d  though  the  machine  was  somewhat  complex  in  its 
construction,  and  certainly  quite  distinct  in  principle  from  the 
carding  engine,  he  believed  it  was  destined  to  work  a  great 
revolution  in  the  carding  and  stripping  of  cotton,  and  it  was 
possible  that  combing  might  ultimately  supersede  carding  altogether 
in  the  preparation  of  cotton.  At  present  however  the  combing 
machine  was  comparatively  in  its  infancy,  so  that  it  would  be 
premature  to  enter  into  particulars  respecting  it ;  but  he  thought 
that  on  a  fature  occasion  it  would  afford  good  material  for  a 
separate  paper  on  the  subject. 
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Mr.  Ramsbottom  enquired  whether  the  drawing  action  by  means 
of  pairs  of  rollers  running  at  different  speeds  was  due  to  Paul,  or 
whether  he  simply  used  a  single  pair  of  rollers. 

The  Peesidknt  replied  that  they  were  indebted  to  Paul  for  the 
three  pairs  of  rollers  running  at  dififerent  speeds,  so  as  to  produce 
the  drawing  action  between  each  pair  which  constituted  the 
important  feature  of  his  invention. 

Mr.  W.  Richardson  mentioned  that  Paul  was  also  the  first  who 
employed  a  revolving  cylinder  for  carding,  which  had  previously 
been  done  on  a  flat  surface. 

Mr.  B.  FoTHERGiLL  observed  that  Paul  had  gone  beyond  the 
mere  substitution  of  a  revolving  cylinder  in  place  of  a  flat  carding 
table,  as  he  had  also  taken  the  great  step  of  adding  the  series  of 
carding  rollers  round  the  circumference  of  the  main  carding 
cylinder,  which  had  been  subsequently  embodied  and  more  thoroughly 
worked  out  in  the  carding  engine  of  Arkwright,  and  further 
improved  by  the  addition  of  the  doffing  knives  for  clearing  the 
carding  teeth  during  working. 

Mr.  W.  Richardson  remarked  that  the  combing  machine,  which 
had  been  referred  to  as  now  being  introduced  for  the  preparation  of 
cotton,  was  of  particular  value  in  connection  with  the  great  demand 
that  had  now  sprung  up  for  thread  for  sewing  machines ;  a  strong 
and  clear  thread  was  required  without  any  breaks,  and  in  order  to 
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By  Me.  JOHN  FREDERIC  BATEMAN,  op  London. 


The  works  by  wliioli  the  city  of  Manchester  and  its  suburbs  are 
now  supplied  with  water  were  originally  designed  in  1846,  and 
were  commenced  in  the  autumn  of  1848 ;  and  the  water  was  first 
introduced  into  the  city  at  the  end  of  1860.  Previously  to  this 
date  the  water  supply  had  been  gathered  from  various  sources :  for 
some  twenty  years  the  greater  portion  had  been  obtained  from  a 
limited  tract  of  gathering  ground  within  a  few  miles  of  Manchester; 
a  small  additional  quantity  had  recently  been  procured  from  a  well 
sunk  into  the  new  red  sandstone  at  Gorton ;  and  urgent  deficiencies 
were  made  up  by  occasional  supplies  from  the  Ashton  and  Peak 
Forest  Canals.  The  supply  however  was  very  inadequa.te  and  very 
impure.  The  present  water  supply  is  brought  from  the  River 
Etherow,  which  divides  the  counties  of  Derby  and  Chester,  deriving 
its  supplies  from  the  western  slopes  of  the  great  chain  of  liillg 
commonly  called  the  backbone  of  England. 

A  general  plan  showing  the  drainage  area  and  the  entire 
course  of  the  works  to  Manchester  is  given  in  Fig.  2,  Plate  84 ; 
and  Fig.  3,  Plate  86,  is  a  longitudinal  section  along  the  line  of  the 
works.  The  drainage  ground  lies  nearly  midway  between  Manchester 
and  Sheffield,  and  extends  over  about  19,000  acres.  It  rises  in 
parts  to  an  elevation  of  about  1800  feet  above  the  level  of  the  sea, 
and  about  1200  or  1300-  feet  above  the  deep  and  romantic  valley  of 
Longdendale,  in  which  the  main  collecting  reservoirs  are  situated, 
as  shown  to  a  larger  scale  in  the  plan  Fig.  1,  Plate  83.  The 
district  consists  of  the  shales  and  sandstones  which  constitute  the 
lower  portion  of  the  coal  series,  the  upper  millstone  grit  forming 
the  cap  of  the  steep  escarpments  on  each  side,  while  the  lower 
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millstone  grit,  wLich  may  be  said  to  separate  the  coal  measure 
shales  from  the  limestone  shales,  is  fonnd  in  the  bottom  of  the  valley. 
The  water  yielded  by  this  geological  formation  is  some  of  the  purest 
in  the  world,  being  eqnal  in  general  character  to  the  water  of  Loch 
Katrine  which  supplies  Glasgow.  The  spring  water  is  especially 
brilliant,  highly  aerated,  containing  little  or  no  foreign  matter,  and 
varying  from  about  1^®  to  2 1°  of  hardness  according  to  Dr.  Clark's 
scale,  in  which  1^  of  hardness  is  that  corresponding  to  1  grain  of 
lime  dissolved  in  1  gallon  of  distilled  water.  The  spring  water  is  at 
all  times  most  abundant,  the  district  yielding  much  more  than  the 
usual  quantity  in  proportion  to  the  area  from  which  the  springs 


The  average  rainfall  is  about  50  inches  per  annum,  and  the 
average  amount  of  water  which  may  be  collected  about  46  inches, 
the  net  produce  of  three  or  four  consecutive  dry  years  being 
about  33  inches  in  each  year.  This  quantity  if  wholly  stored 
would  afford  a  gross  supply  of  about  39  million  gallons  per  day ; 
from  which  a  certain  stipulated  guaranteed  quantity  has  to  be 
given  as  compensation  to  the  mills  on  the  streams  interfered  with, 
amounting  to  nearly  13  million  gallons  per  day  on  the  average  of 
every  day  in  the  year ;  this  leaves  as  the  supply  available  for  the 
city  and  its  suburbs  26  million  gallons  per  day.  The  quantity  at 
present  supplied  is  about  13  million  gallons,  so  that  there  is  water 
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set  apart  for  the  storage  of  pure  water.  The  turbid  or  coloured 
water,  being  the  water  of  floods,  was  to  be  stored  in  reservoirs 
specially  allotted  for  the  purpose ;  and  after  becoming  comparatively 
pure  by  settlement  and  exposure  to  the  atmosphere,  it  was  either 
to  be  discharged  into  the  river  as  compensation  to  the  mills,  or 
decanted  off  into  the  pure-water  reservoirs  for  the  supply  of  the 
city.  The  means  adopted  for  carrying  this  object  into  effect  were 
very  simple  and  certain,  and  have  proved  perfectly  successful. 
Each  stream,  whether  large  or  small,  separates  itself  by  a  simple 
arrangement,  so  that  the  pure  water  flows  on  direct  to  Manchester, 
or  into  the  pure- water  reservoirs,  to  be  there  stored  for  future  use ; 
and  the  turbid  water  flows  into  the  turbid-water  reservoirs  or 
runs  to  waste  down  the  river. 

In  Fig.  4,  Plate  86,  is  shown  the  manner  in  which  the 
separation  of  the  water  is  effected  in  a  large  stream,  the  Crowden 
Brook.  A  weir  A  A  is  erected  across  the  stream,  with  a  passage  B 
for  water  within  the  masonry  beneath  the  top.  In  front  or  on  the 
down-stream  edge  of  the  weir,  a  narrow  transverse  slot  0  opens 
into  the  passage  beneath.  When  the  stream  is  small,  as  indicated 
by  the  lower  water  line  D  D,  or  rather  when  not  swollen  by  rain, 
and  the  water  consequently  perfectly  pure,  it  drops  through  the  slot 
into  the  passage  B  beneath,  which  communicates  with  a  conduit  to 
convey  the  water  to  Manchester  or  to  the  pure-water  reservoirs. 
The  slot  C  is  constructed  of  such  a  width  as  to  admit  the  whole 
stream,  when  it  consists  only  of  the  pure  water ;  but  when  the 
stream  is  swollen,  as  indicated  by  the  upper  water  line  E  E,  the 
velocity  with  which  it  passes  over  the  weir  is  suflSlcient  to  carry  it 
clear  over  the  slot  and  down  the  face  of  the  weir,  into  the  ordinary 
river  course  or  to  the  reservoirs  for  turbid  water.  Figs.  6  and  6  show 
the  separating  arrangement  adapted  to  the  case  of  a  small  stream, 
where  the  object  is  effected  by  a  transverse  slot  C  in  a  trough  P 
crossing  the  pure- water  conduit  B.  The  water,  when  small  in 
quantity  and  consequently  pure,  falling  from  an  elevated  ledge  at 
the  back  of  the  slot,  drops  through  the  slot  into  the  pure- water 
conduit  B  ;  but  overshoots  the  slot  when  the  quantity  is  large,  and 
is  then  carried  by  the  trough  F  in  another  direction. 

M  2 
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Tbe  main  impounding  Reservoirs,  shown  in  Fig.  1,  Plato  88; 
are  constructed  in  that  beautiful  part  of  the  valley  known  as 
Longdendale,  and  are  five  in  number.  Three  of  them,  namely  the 
Woodbcad,  Torsido,  and  Rhodeswood  reservoirs,  are  constructed 
along  the  course  of  the  River  Etherow  in  the  main  valley,  which 
tbey  occupy  for  about  5  miles  in  length.  The  other  two,  the 
Arn field  and  HoUingworth  reservoirs,  are  placed  on  tributary 
brooks.  The  highest,  the  Woodhead  reservoir,  is  at  a  level  of 
790  feet  above  the  sea.  The  point  at  which  the  water  leaves  the 
lowest  or  Rhodeswood  reservoir  to  be  conducted  to  Manchester 
is  about  13  miles  distant  from  the  city.  To  this  point  also  is 
conducted  all  the  spring  water  and  pure  water  collected  by  the 
various  conduits  constructed  for  the  purpose ;  and  the  joint  volume 
of  water  is  conveyed  away  by  a  common  aqueduct*  for  the  use  of 
the  city,  as  shown  in  Figs.  2  and  3. 

This  aqueduct  is  principally  a  covered  conduit.  It  has  a  £bJ1 
of  5  feet  per  mile,  and  passes  under  the  Mottram  ridge  by  a  tunnel 
of  about  3000  yards  length,  Fig.  3,  and  terminates  in  a  reservoir  at 
Godley  near  Hyde,  about  8  miles  distant  from  Manchester  and  314 
feet  above  the  centre  of  the  city.  From  this  reservoir  the  water  is 
conducted  by  a  single  line  of  cast-iron  pipes  of  40  inches  diameter  to 
two  service  reservoirs  at  Denton,  about  4  miles  from  Manchester 
and  163  feet  above  the  centre  of  the  city ;  the  average  fall  of  the 
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'  The  total  capacity  of  the  five  reservoirs  in  Longdendale  is 
about  550  million  cabic  feet  when  full  to  the  level  of  the  overflow 
weirs,  and  their  area  about  400  acres.  The  heights  of  the 
embankments  and  the  capacities  of  the  several  reservoirs  are  given 
in  the  following  Table  : — 


Name  of  Eeservoir. 

Height 
Bank. 

Depth 

of 
Water. 

Area 

of 

Reservoir. 

Capacity  of  Reservoir. 

Feet. 

Feet. 

Acres. 

Cubic  Feet. 

Gallons. 

Woodhead    .     .    , 

90 

72 

135 

198,000,000 

1,235,000,000 

Torside     .... 

100 

84 

160 

236,000,000 

1,474,000,000 

Rhodeswood.     .     . 

80 

68 

54 

80,000,000 

500,000,000 

Arnfield   .... 

67 

52 

39 

33,600,000 

209,000,000 

Hollingworth    .     . 

70 

52 

13 

11,660,000 

73,000,000 

God]ey     .... 

21 

15 

9,800,000 

61,000,000 

Denton  No.  1    .     . 

20 

7 

4,800,000 

30,000,000 

No.  2   .     . 

20 

6 

3,700,000 

23,000,000 

Gorton  Upper  .     . 

26 

34 

19,500,000 

123,000,000 

Lower  .    . 

29 

23 

16,000,000 

100,000,000 

The  Manchester  "Water  Works  were  at  the  time  of  their  execution 
the  largest  works  of  the  kind  which  had  been  constructed  in  this 
country,  and  in  some  respects  the  largest  which  had  ever  been 
constructed  in  any  part  of  the  world.  Much  therefore  had  to  be 
specially  considered,  and  nothing  more  so  than  the  best  form 
of  the  large  valves,  and  the  easiest  mode  of  opening  them  under 
great  pressure.  There  was  little  which  then  existed  that  could  be 
advantageously  imitated ;  everything  had  to  be  designed  anew,  with 
special  reference  to  the  work  to  be  performed.  In  order  to  arrive 
at  the  best  mechanical  contrivance,  public  competition  was  invited 
upon  a  clear  description  of  what  was  required  and  a  short 
specification  of  certain  conditions  that  were  to  be  met.  This 
resulted  in  many  valuable  suggestions,  which  were  either  adopted 
exactly  as  they  were  proposed,  or  modified  and  improved  by 
subsequent  consideration  ;  and  altogether  a  mass  of  information  was 
in  this  way  collected  which  could  not  perhaps  have  been  obtained 
otherwise.     It  is  but  justice  to  say  that,  amongst  the  designs 
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for  tlio  larger  apparatus,  by  far  the  best  proposals  and  the  best 
designs  for  the  objects  to  be  attained,  taking  all  cirenmstanees  into 
consideration,  were  those  received  from  Sir  William  Armstrong,  who 
was  accordingly  the  maker  of  all  the  large  valves  reqnired  for  the 
works. 

It  was  laid  down  as  a  principle  that,  whatever  the  size  of  the 
valve  or  the  pressnre  under  which  it  had  to  be  worked,  it  shonld  be 
BO  contrived  as  to  be  easily  opened  and  shut  by  one  man.  No  large 
valve  then  existing  met  this  condition ;  and  it  frequently  happened 
that  a  valve  of  no  greater  diameter  than  24  inches,  if  it  had  to  be 
worked  under  any  considerable  pressure,  needed  the  combined 
power  of  half-a-dozen  men.  This  requirement  was  met  in  all  the 
large  valves  by  dividing  the  valve  into  two  and  in  some  cases  into 
three  compartments,  one  of  these  being  reduced  to  such  a  size  as 
would  be  equivalent  to  a  small  valve,  which  could  be  easily  opened 
by  one  man.  This  smaller  division  is  first  opened,  and  when  it  is 
open,  the  pressure  behind  the  larger  is  to  a  great  extent  destroyed  by 
the  friction  of  the  water  flowing  through  the  pipe  beyond  the  valve  ; 
and  the  pressure  is  reduced  to  an  amount  equal  to  the  extra  head 
(never  more  than  a  few  feet)  required  to  pass  the  whole  quantity 
through  an  aperture  of  the  size  of  the  small  opening ;  or  if  the  pipe 
beyond  the  valve  merely  requires  filling,  as  soon  as  it  is  filled  the 
pressure  will  be  the  same  on  both  sides  of  the  large  valve.  In  either 
case  the  large  valve  can  then  be  opened  by  one  man.     In  Fic^s.  7,  8, 
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description  of  them  is  given  in  tlie  paper  on  those  works  by  Mr. 
Duncan  at  a  former  meeting  of  the  Institution  (see  Proceedings 
Inst.  M.  E.,  1863,  page  174)  ;  thej  were  also  introduced  in  the 
Glasgow  Water  Works,  as  mentioned  again  in  tlie  paper  by  Mr.  Gale 
on  the  subject  (see  Proceedings  Inst.  M.  E.,  1864,  page  134).  The 
great  value  of  these  valves  is  in  the  early  stage  of  the  works,  when 
the  pipes  are  first  filled  and  subjected  to  the  pressure  they  will 
ultimately  have  to  sustain ;  but  the  valves  should  always  be  kept 
in  working  order,  as  pipes  occasionally  burst  after  years  of  work, 
without  anything  to  account  for  the  occurrence.  In  the  Manchester 
Water  Works  some  of  these  valves  are  discontinued,  but  others  in 
suitable  situations  are  kept  in  constant  adjustment  and  are  made  to 
communicate  with  an  alarum  in  the  waterman's  house,  so  that  in  the 
event  of  a  pipe  bursting  and  the  valve  closing  he  is  instantly  apprised 
of  the  accident. 

In  order  to  provide  against  the  shock  caused  by  stopping  a 
large  column  of  water  many  miles  in  length  and  flowing  at  a  speed 
of  several  feet  per  second,  a  momentum  valve  opening  outwards 
is  placed  upon  the  main  behind  each  of  the  large  stop  valves 
and  self-acting  closing  valves ;  and  a  description  of  this  valve  is 
also  given  in  the  former  paper  already  referred  to  (see  Proceedings 
Inst.  M.  E.,  1863,  page  175).  These  valves  were  also  first  used  in 
the  Manchester  Water  Works. 

Self-acting  valves  called  Reflux  Valves  are  placed  in  the  large 
pipes  at  the  foot  of  all  hills  rising  in  the  direction  in  which  the 
water  flows,  for  the  purpose  of  preventing  the  water  from  flowing  back 
again  in  the  event  of  a  pipe  being  emptied  behind  the  valve  by  an 
accidental  burst  or  otherwise.  One  of  these  valves  in  the  40  inch 
main  is  shown  in  Figs.  10  and  11,  Plate  88,  the  flaps  being  made  of 
leather,  backed  with  cast-iron  plates.  The  valves  open  with  the 
current  of  water  in  the  direction  in  which  it  ordinarily  flows,  as 
indicated  by  the  arrow  in  Fig.  10,  and  close  if  the  current  is  changed 
into  the  contrary  direction. 

A  very  important  point  in  arranging  water  pipes  on  a  large 
scale  is  the  provision  of  ample  means  both  for  the  rapid  escape  of 
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air  from  tlie  pipes  daring  the  time  tliej  are  being  filled  with  water, 
and  also  for  the  subsequent  discharge  of  the  air  which  escapes  from 
the  water  in  its  passage  through  the  pipes  and  accumulates  in  the 
upper  part  of  the  bends  formed  by  inequalities  of  the  ground.  Both 
of  these  operations,  in  order  to  be  effectual^  should  be  spontaneous 
or  self-acting ;  and  they  are  accomplished  by  means  of  the  Self- 
Acting  Air  Valve  shown  in  Fig.  12,  Plate  89,  which  is  mainly  the 
invention  of  one  of  the  writer's  early  assistants,  Mr.  Alfred  Moore, 
to  whom  also  is  due  the  system  of  separating  clear  and  turbid  water 
as  previously  described.  The  construction  shown  in  the  drawing 
combines  two  -air  valves  in  a  single  casting,  the  large  aperture  A 
of  3^  inches  diameter  being  intended  for  the  escape  of  the  large 
quantity  of  air  while  the  pipes  are  being  fiUed  with  water,  and  the 
small  hole  B  of  l-8th  inch  diameter  for  the  escape  of  the  air 
accumulating  in  the  pipes  when  full  of  water.  The  gutta-percha 
balls  C  and  D  forming  the  valves  are  each  5  inches  diameter,  and 
when  the  pipes  are  empty  they  drop  into  the  positions  shown  by 
the  dotted  circles ;  but  as  soon  as  the  water  reaches  them  they  are 
floated  upwards,  and  close  the  apertures  A  and  B,  preventing  the 
escape  of  the  water.  The  ball  D  closing  the  small  hole  B  is  made 
of  such  specific  gravity  that  its  own  flotation  together  with  the  small 
pressure  corresponding  to  the  area  of  the  minute  orifice  B  is  only 
just  sufficient  to  hold  it  up  against  the  orifice ;  and  consequently, 
whenever  the  flotation  is  diminished  by  the  slightest  accumtilation 


MANCHESTER  WATEB  WORKS.  258 

cover  is  removed,  and  a  standpipe  H  is  attached  throngli  which 
the  water  is  drawn  off.  The  screwed  collar  I  on  the  bottom  of  the 
Btandpipe  fits  nnder  two  Ings  K  on  the  top  of  the  valve  box,  and  the 
standpipe  being  then  screwed  down  forms  a  water-tight  joint  by 
means  of  a  leather  washer  on  the  bottom.  A  spindle  J  passes 
down  the  centre  of  the  standpipe,  working  through  a  stn£Bng-box 
and  screwed  bearing  at  the  top  and  through  a  guide  below,  and 
terminating  at  the  bottom  in  a  cup  which  fits  the  ball  valve  E  ;  so 
that  by  turning  the  spindle  by  the  handle  at  the  top,  the  ball  is 
depressed,  and  the  water  flows  out  through  the  standpipe  H.  This 
Btandpipe  is  attached  in  a  few  seconds ;  and  as  the  opening  and 
closing  of  the  valve  is  effected  gradually  by  the  employment  of  the 
screwed  spindle  J,  all  concussion  is  avoided. 

The  sluice  valves  shown  in  Plate  87,  for  discharging  the  water 
of  the  large  reservoirs  in  Longdendale,  are  fixed  at  the  outer  end  of 
the  outlet  pipes,  which  are  48  inches  diameter.  They  consist  of 
three  slides  or  compartments  A,  B,  and  0,  Fig.  9,  forming  together 
a  complete  circular  area,  which  may  be  opened  either  separately  or 
together.  Each  slide  is  opened  by  means  of  a  gun-metal  spindle  D 
passing  through  a  stufBng-box,  the  upper  portion  being  cut  into 
a  square-threaded  screw  working  in  a  gun-metal  bush  fixed  in 
headstocks.  They  are  opened  and  shut  by  worm-wheel  gearing,  as 
shown  at  G  in  Fig.  16,  Plate  90.  One  man  can  with  some  difficulty 
open  one  compartment  at  a  time  when  the  valve  is  under  70  or 
80  feet  of  pressure.  Two  men  can  do  the  work  easily ;  but  at  the 
two  deepest  reservoirs,  the  Woodhead  and  Torside,  the  operation 
of  closing  and  opening  is  performed  by  the  agency  of  a  small 
turbine  wheel,  supplied  with  water  for  power  from  watercourses 
above  the  level  of  the  reservoir.  This  is  shown  in  Fig.,  16,  and 
to  a  larger  scale  in  Fig.  17.  The  turbine  H,  of  which  a  plan 
is  given  in  Fig.  18,  is  geared  by  the  spur  wheel  and  pinion  J 
to  the  worm-wheel  gearing  G  working  the  valve  spindles  DDD ; 
and  the  water  for  driving  the  turbine  is  admitted  to  it  through 
the  pipe  K  by  a  hand  stop- valve  at  L  in  the  supply  pipe  M.  A 
self-acting  slide-valve  is  placed  at  I,  connected  to  levers  worked 
by  tappets  upon  the  valve  spindles  D,  whereby  the  water  is  shut  off 
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from  the  supply  pipe  K  of  the  turbine  and  turned  into  the  waste 
pipe  N,  as  soon  as  the  main  sluice  valve  is  either  fully  opened  or 
fully  clofjod  ;  tljis  aiTaniremont  prevents  the  possibility  of  accident, 
should  the  atfcmlaiit  neglect  to  stop  the  turbine  in  time  by  the 
hand  stop- valve  L. 

On  each  separate  "conduit  for  collecting  spring  water  or  for 
conducting  water  from  the  large  impounding  reservoira  to  the  city 
are  placed  Gauge  Sluices,  shown  in  Figs.  19  to  21,  Plate  91,  which 
act  not  only  as  stop-gates,  but  also  as  gauges  for  determining  the 
quantity  of  water  passing  along  each  conduit.  This  is  effected  by 
gauging  rods  placed  before  and  behind  the  sluice  A,  which  is  of 
definite  dimensions ;  and  by  an  index  B  which  rises  with  the  door 
of  the  sluice  and  indicates  the  extent  that  the  sluice  is  opened. 
This  index  is  shown  to  a  larger  scale  in  Figs.  22  and  23.  By 
taking  the  difference  in  the  level  of  the  water  behind  and  in  front 
of  the  sluice,  and  the  area  of  the  opening  through  which  the  water 
is  discharged,  the  application  of  the  proper  formula  determined 
by  experiment  affords  at  all  times  the  means  of  ascertaining  the 
quantity  of  water  passing  through. 

Whore  the  water  is  finally  discharged  into  the  Godley  reservoir 
it  is  passed  through  a  basin  A,  Fig.  27,  Plate  92,  in  one  side  of 
which  a  Gauge  Plato  B  is  erected,  whereby  the  quantity  of  water 
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ordinary  rule  for  determining  the  practical  velocity  of  the  discharge 
of  water  through  an  orifice  in  a  thin  plate  is  to  multiply  the  square 
root  of  the  head  or  pressure  by  the  coeflGicient  5*1  or  6*4.  The 
coefficients  for  velocity  however,  determined  by  the  experimenta 
made  with  these  three  openings,  were  6*6  for  the  opening  with  the 
curve  outside,  7*0  for  the  curve  inside,  and  7'6  for  the  double 
curve  both  inside  and  outside ;  the  third  opening  thus  giving  a 
velocity  nearly  equal  to  the  whole  theoretical  velocity  due  to  the 
height  of  fall,  for  which  the  coefficient  is  8*04,  The  openings  in  the 
gauge  plate  were  entirely  submerged  on  the  inside,  the  depth  of 
water  in  the  basin  A,  Fig,  27,  varying  from  about  1  foot  to  4  feet 
above  the  centre  of  the  openings ;  and  the  water  had  a  free  discharge 
on  the  outside,  as  indicated  in  Fig.  27,  falling  into  a  tank  C  of  a 
given  size,  so  that  the  quantity  passing  during  any  time  was 
correctly  measured. 

Before  the  water  leaves  the  Godley  reservoir  and  again  before  it 
leaves  the  Denton  service  reservoirs,  it  is  strained  through  copper 
wire-gauze  strainers,  the  whole  vertical  area  through  which  the 
water  passes  being  about  800  square  feet.  The  copper  wire-gauze 
first  tried  consisted  of  72  strands  per  square  inch,  but  that  was 
found  to  be  too  fine,  as  the  apertures  got  rapidly  closed,  and  the 
gauze  became  as  tender  as  brown  paper  and  was  easily  torn  and 
broken.  The  gauze  now  used  consists  of  copper  wire  made  with  40 
fitrands  per  square  inch,  which  seems  well  suited  for  the  purpose. 
No  other  filtration  of  the  water  is  attempted  or  needed,  as  the  water 
is  always  perfectly  pure.  The  service  reservoirs  are  from  18  to  20  feet 
deep,  careftilly  paved  on  the  slopes  and  bottom,  and  there  is  no 
vegetation  in  the  reservoirs  or  in  the  conduits ;  and  the  only  object 
of  the  strainers  is  to  prevent  extraneous  floating  matter  in  the  water 
from  passing  into  the  pipes.  The  system  of  separation  adopted  as 
previously  described  wholly  supersedes  the  necessity  of  filtration. 

There  remains  to  be  noticed  the  means  adopted  for  Gauging  the 
Compensation  Water  that  has  to  be  given  ofi"  to  the  millowners. 
This  is  shown  in  Fig.  28,  Plate  93,  which  is  a  general  plan  of  the 
arrangement,  and  Fig.  29  is  a  longitudinal  section  through  the 
gauge  basin  and  test  basin;  Figs.  30  to  34,  Plate  94,  show  the 
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pi'iucipal  details  to  a  larger  scale.  The  water  is  first  admitted  into 
tlio  masonry  gauge  basin  A,  in  which  the  level  is  carefully  regulated 
by  means  of  sluices  B.  It  then  passes  through  two  apertures  in 
vertical  gauge  plates  0,  by  which  the  quantity  of  water  passing 
through  may  bo  accui'ately  computed  according  to  the  pressure  on 
the  aperture,  by  employing  the  coefTicicnt  determined  by  the  Godley 
experiments.  In  order  to  ensure  a  uniform  discharge  of  water 
under  a  varying  head,  the  gauge  plates  C,  Figs.  30  to  32,  are  each 
fitted  with  a  slide  actuated  by  the  float  D,  whereby  the  size  of  the 
gauging  orifice  is  rendered  self-adjusting,  and  varies  inversely  as 
the  height  of  the  water  in  the  gauge  basin  A,  thus  giving  a  constant 
discharge.  But  in  order  to  prevent  the  possibility  of  dispute,  the 
water  discharged  from  each  gauge  aperture  C  into  the  river  below 
is  carried  by  a  trough  E  across  a  square  test  basin  Gr,  30  feet  square 
and  10  foct  deep.  In  the  bottom  of  each  trough  E,  Fig.  30,  ia 
placed  a  tumbler  I  in  a  horizontal  position,  turning  on  an  axis  in 
the  centre,  and  this  tumbler  ordinarily  forms  the  floor  of  the  trough 
and  the  water  passes  over  it,  as  shown  enlarged  in  Fig.  33.  But  on 
drawing  back  the  hand  lever  H  into  the  position  shown  by  the 
dotted  line,  so  that  the  extremity  of  the  tumbler  just  clears  the 
edge  F  of  the  trough,  the  tumbler  is  instantaneously  reversed  by 
the  stream  of  water  and  tui^ned  vertically  across  the  trough,  where 
it  is  caught  by  the  stop  J,  as  shown  in  Fig.  34.  In  this  position 
is  (iisrlun'OTMl  through  the  ODeiiinfy  in  the  bottom  of  the 
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interested  in  the  supply  of  the  compensation  water,  and  the  quantity 
discharged  may  at  any  time  be  tested  by  this  means. 


Mr.  W.  Fairbairn  regretted  that  Mr.  Bateman  was  prevented 
from  being  present  at  the  meeting ;  and  among  the  various  features 
of  the  works  that  had  been  described  in  the  paper  just  read,  one  of 
the  most  interesting  he  thought  was  the  very  simple  arrangement 
for  separating  the  turbid  water  from  the  pure  in  the  streams 
supplying  the  storage  reservoirs.  In  time  of  floods  the  water  was 
found  to  be  so  turbid  as  to  be  unfit  for  immediate  domestic  use,  and 
by  the  simple  means  of  a  narrow  transverse  slot  across  the  bed 
of  the  stream  the  separation  of  the  turbid  water  was  efiected  with 
complete  success,  and  the  arrangement  was  entirely  self-acting; 
the  turbid  water  of  the  swollen  stream  overshot  the  aperture  and 
passed  on  down  the  river,  while  the  pure  water  when  the  stream 
had  become  reduced  to  its  natural  size  dropped  through  the  slot 
and  was  led  away  to  the  city  or  into  special  reservoirs.  The 
plan  of  dividing  the  large  sluice  valves  into  three  portions,  so  as 
to  allow  of  opening  at  first  a  small  portion  only  of  the  entire  area, 
instead  of  having  to  open  the  whole  valve  at  once,  was  found  to 
answer  very  well,  enabhng  one  man  to  open  and  close  the  valves 
of  the  large  mains,  as  the  pressure  was  to  a  great  extent  relieved 
off  the  valve  as  soon  as  a  small  area  was  opened  for  the  passage 
of  the  water.  The  self-acting  air  valves  for  allowing  a  constant 
escape  of  the  air  accumulating  in  the  water  pipes  were  found 
to  act  very  efl&ciently,  the  smaller  air-hole  being  opened  by  the 
descent  of  the  ball  whenever  there  was  the  slightest  accumulation 
of  air,  and  as  soon  as  the  air  had  escaped  the  ball  I'ose  again  and 
closed  the  orifice,  preventing  any  escape  of  water.  The  hydrant  or 
fire-cock  made  with  the  gutta-percha  ball  valve  was  now  coming 
into  general  use  both  in  this  country  and  abroad,  on  account  of  its 
convenience  and  great  simplicity  of  construction. 

Dr.  Downing  enquired  about  the  sections  of  the  apertures  in  the 
gauge  plate  at  Grodley  reservoir  (Figs.  24,  25,  and  26),  whether  they 
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were  vertical  sections  of  the  apertures,  and  whether  the  apertures 
were  of  considerable  width  in  proportion  to  their  height ;  and  also 
whether  the  section  of  the  lip  was  the  same  at  the  vertical  ends  of 
the  apertures  as  at  the  top  and  bottom. 

Mr.  W.  Fatrbairn  replied  that  the  sections  shown  in  the  drawings 
were  vertical  sections  of  the  apertures  in  the  gange  plate,  and  each 
apertnre  was  a  rectangle  of  6  feet  width  by  6  inches  height,  the 
section  of  the  lip  in  each  case  being  the  same  at  the  two  raids  of 
the  aperture  as  at  the  top  and  bottom. 

Dr.  Downing  enquired  how  far  the  three  coefficients  obtained 
with  the  three  different  sections  of  lip  had  iSeen  found  to  be  affected 
by  variation  in  the  depth  or  head  of  water  producing  the  flow 
through  the  gauge  apertures ;  and  whether  it  had  been  found  that  a 
different  form  of  section  would  be  preferable  with  a  change  of  head. 

Mr.  W.  Fairbairn  replied  that  no  other  section  of  aperture  had 
been  used  than  the  three  sections  shown  in  the  drawing  (Plate  92)  ; 
and  the  result  of  experiments  made  upon  the  effect  produced  by 
alterations  in  the  head  of  water  was  that  the  coefficient  for  velocity 
of  the  issuing  stream  was  little  affected  by  variations  in  the  head, 
except  when  the  head  was  less  than  about  one  foot  or  double  the 
height  of  the  aperture.  The  particulars  were  shown  by  the  following 
table,  which  gave  the  mean  results  of  a  number  of  experiments 
made  at  Godley  reservoir  in  August  1852 : — 
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Mr.  H,  Maudslat  observed  that  tlie  effect  of  the  form  of  the 
edges  upon  the  flow  of  water  through  an  orifice  was  a  most 
interesting  question,  and  the  results  obtained  from  the  experiments 
with  the  apertures  shown  in  the  drawing  were  of  very  great  practical 
value.  In  many  other  instances,  such  as  the  nozzles  of  fire-engine 
hose,  it  was  particularly  important  that  the  correct  form  of  aperture 
fihotdd  be  arrived  at,  in  order  to  obtain  the  greatest  result  in  the 
discharge  with  a  given  pressure  of  water.  In  the  section  (Fig.  26) 
presenting  a  curve  to  the  water  both  on  entering  and  on  leaving  the 
aperture,  he  enquired  whether  the  curvature  of  the  lip  bore  any 
definite  proportion  to  its  thickness,  and  also  to  the  height  or  width 
of  the  aperture. 

Mr.  J.  E^ENNAN  enquired  whether  it  would  not  have  been 
preferable  to  take  a  considerably  larger  radius  than  2|  inches  for 
the  curve  forming  the  approach  to  the  gauge  aperture,  so  as  to  give 
a  greater  length  of  curved  surface  for  guiding  the  water  towards 
the  aperture. 

Mr.  W.  Fairbairn  replied  that  the  curvature  of  the  edges  of  the 
gauge  apertures  had  been  determined  without  reference  to  the  height 
or  width  of  the  aperture,  the  radius  being  taken  at  half  the  thickness 
of  the  lip ;  and  he  could  not  say  whether  a  larger  radius  would  have 
been  preferable,  but  that  might  probably  have  been  the  case.  The 
experiments  made  with  the  apertures  shown  in  the  drawing 
confirmed  the  well  established  fact  that  water  would  not  turn  sharp 
comers  without  occasioning  a  loss ;  and  it  was  necessary  therefore 
to  round  off  the  edges  of  the  aperture  on  both  faces,  by  which 
means  the  discharge  obtained  in  practice  had  now  been  brought  up 
to  within  5  per  cent,  of  the  total  discharge  theoretically  possible,  as 
shown  by  the  experiments. 

Dr.  Downing  understood  that  for  the  purpose  of  taking  off  the 
water  for  the  supply  of  Manchester  from  the  storage  reservoirs  in 
the  Longdendale  valley  the  discharge  pipes  had  been  laid  through  the 
l)ottom  of  the  reservoir  embankments,  and  had  been  crushed  in 
subsequently  at  one  of  the  reservoirs  by  the  settling  of  the  bank 
after  its  completion ;  and  he  enquired  how  this  difficulty  had  been 
obviated,  and  how  the  water  was  now  taken  off  from  the  reservoir. 
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He  understood  also  iLiit  Hyplioiis  had  been  partially  employed  for  the 
purpose,  and  enquired  what  had  been  the  effect  obtained  with  them. 
Mr.  W.  FAiiiiuinx  replied  that  the  construction  of  the 
embankments  for  the  storage  reservoirs  had  been  attended  with 
great  dilliculties,  and  the  case  was  very  difierent  from  that  of  the 
Loch  Katrine  Water  Works,  where  the  supply  of  water  was  already 
impounded  by  walls  of  solid  rock  consisting  of  the  hardest  mica 
shite,  and  it  was  only  necessary  to  cut  a  passage  for  drawing  off  the 
water.  At  the  Longdcndalo  reservoirs  on  the  contrary  the  ground 
on  both  sides  of  the  valley  had  been  distui'bed  by  hindsHps,  and  was 
still  subject  to  occasional  movements  by  subsidence  or  settlement. 
The  discharge  pipes  from  the  reservoirs  had  been  laid  in  the  soKd 
ground  beneath  the  embankments.  In  the  case  of  the  Bhodeswood 
reservoir  no  alteration  had  taken  pkce  in  the  pipes,  and  the  water 
was  still  discharged  by  this  means ;  but  at  the  Torside  reservoir, 
the  largest  of  the  three  great  reservoirs  in  the  valley,  the 
ground  beneath  the  embankment  had  become  stretched  by  the 
weight  of  the  superincumbent  material,  and  drew  the  pipes  to  some 
extent  asunder  at  the  socket  joints,  crashing  them  also  slightly. 
This  evil  had  been  obviated  by  dnving  a  tunnel  through  the 
solid  hill  at  one  end  of  the  embankment  and  laying  fresh  discharge 
pipes  within  this  tunnel.  There  were  two  pipes  in  the  tunnel, 
one  48  inches  diameter  and  the  other  2^  inches,  the  latter  being 
phon  pipe  by  which  the  last  15  feet  depth  of  water  could  be 
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The  President  proposed  a  vote  of  tlianks,  wliicli  was  passed,  to 
Mr.  Charles  P.  Stewart  and  the  Local  Committee  for  the  excellent 
arrangements  they  had  made  for  the  meeting  of  the  Institution  in 
Manchester ;  and  also  to  the  authorities  of  the  Mechanics*  Institution 
for  their  kindness  in  granting  the  use  of  the  Lecture  Theatre  for 
the  purpose  of  the  meeting ;  and  to  the  several  Railway  Companies 
for  the  special  facilities  they  had  so  kindly  afforded  to  the  Members 
for  attending  the  Meeting  in  Manchester  and  the  Excursions  in 
connection  with  the  meeting. 

The  Meeting  then  terminated.  In  the  afternoon  the  Members 
visited  the  Whitworth  Ordnance  Works  and  the  various  engineering 
establishments  and  other  works  which  were  opened  to  their 
inspection  during  the  days  of  the  meeting. 

In  the  evening  the  Members  and  the^r  friends  dined  together, 
in  celebration  of  the  meeting  of  the  Institution  in  Manchester. 


On  Thursday,  2nd  August,  an  Excursion  was  made  by  the 
Members  from  Manchester,  to  visit  the  Cotton  Machineiy  Works 
and  Machine  Brick  Works  of  Messrs.  Piatt  at  Oldham,  and  some 
of  the  Cotton  Mills  adjoining ;  and  the  Members  were  very  hand- 
somely entertained  by  Mr.  John  Piatt,  M.P.,  at  his  residence, 
Wemeth  Park.  They  returned  in  the  afternoon  by  special  free 
train,  granted  by  the  Lancashire  &  Yorkshire  and  Manchester 
Sheffield  &  Lincolnshire  Railways,  visiting  Messrs.  Beyer  Peacock 
and  Co.'s  Locomotive  Works  at  Gorton,  and  the  Ashbury  Co.'s 
Railway  Carriage  and  Iron  Works  at  Openshaw. 

On  Friday^  3rd  August,  an  Excursion  was  made  by  the  Members 
from  Manchester  by  special  train,  on  the  invitation  of  the  President, 
to  his  residence,  StancHffe  Hall,  Derbyshire,  where  they  were  most 
hospitably  received  and  entertained  by  the  President ;  visiting  also 
Chatsworth  and  Haddon  Hall. 
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PEOCEEDINGS. 


15  November,  1866. 


The  General  Meeting  of  the  Members  was  held  in  the  Lecture 
Theatre  of  the  Midland  Institute,  Birmingham,  on  Thursday, 
15th  November,  1866 ;  Sampson  Lloyd,  Esq.,  Vice-President,  in  the 
Chair. 

The  Minutes  of  the  last  Meeting  were  read  and  confirmed. 

The  Chairman  announced  that  the  President,  Vice-Presidents, 
and  five  Members  of  the  Council  in  rotation,  would  go  out  of  office 
in  the  ensuing  year,  according  to  the  Rules  of  the  Institution ;  and 
that  at  the  present  meeting  the  Council  and  Officers  were  to  be 
nominated  for  the  election  at  the  Anniversary  Meeting. 

The  following  Members  were  nominated  by  the  meeting  for  the 
election  at  the  Anniversary  Meeting : — 


president. 


John  Penn, 


London. 


yiCE-PRESIDENTS. 

(SwJ  of  the  nvmber  to  he  elected,) 


Charles  P.  Beyer,     . 
William  Clay, 
Edward  A.  Cowpbr,   . 
Thomas  EL^wksley,  . 
Robert  Hawthorn,    . 
Edward  Hijmphrys, 
Sampson  Lloyd, 
Henry  Maudslay,   . 
W.  Montgomerie  Neilson, 
John  Ramsbottom,  . 


Manchester. 

Liverpool. 

London. 

London. 

Newcastle-on-Tyne. 

London. 

Wednesbuiy. 

London. 

Glasgow. 

Crewe. 
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COUNCIL. 

(Five  of  the  nvmher  to  he  elected,) 


Alexander  Allan,     . 

.     Worcester. 

Charles  Edwards  Amos, 

London. 

John  Anderson, 

.     Woolwicli. 

Frederick  J.  Bramwbll, 

London. 

Robert  Broad,  . 

.     Tipton. 

Charles  Cochrane, 

Dudley. 

Thomas  Greenwood,  . 

.     Leeds. 

William  Menelaus, 

Merthyr  Tydvil 

C.  William  Siemens,  . 

.     London. 

The  Chairman  announced  that  the  Ballot  Lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following  New 
Members  were  duly  elected : — 


members. 
Samuel  Baker,  . 
George  Barker, 
John  Addison  Birkbeck,     . 
WiLLUM  Craven,    . 
Alfred  C.  Downet,    . 
John  Elce,     .        ... 


Liverpool. 

Stoke-upon- Trent. 

Chesterfield. 

Manchester. 

Middlesbrough. 

Manchester. 
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George  Peel,  Jun.,    . 
Thomas  Edward  Day  Plum, 
Charles  Talbot  Porter,    . 
John  Price,    . 
William  Putnam, 
James  Ramsden, 
Edward  Windsor  Richards, 
Thomas  Robson, 
Edward  Fisher  Smith, 
William  Smith, 
Robert  Watson, 
Emile  Watteeu, 
William  Wrat,  . 


assocute. 


John  Crossley, 


graduates. 
Robert  Harry  Humphrys,  . 
Frederick  Ryland, 


Mancliester. 

Mancliester. 

Manchester. 

Sunderland. 

Darlington. 

Ulverstone. 

Ebbw  Yale. 

Fence  Houses. 

Dudley. 

Glasgow. 

Bishop  Auckland. 

Middlesborough. 

Burton  Stather. 

St.  Helen's. 

London. 
Westbromwich. 


The  following  paper  was  then  read  :- 
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ON  SELLERS'  SELF-ADJUSTING  INJECTOR, 
AND  OTHER  IMPROVEMENTS  ON  GIFFARD'S  INJECTOR. 


Bt  Mb.  JOHN  ROBINSON,  or  Manchestkk. 


In  tlie  experienoe  of  tlie  working  of  Gififard's  Injector  for  the 
snpply  of  water  to  steam  boilers,  which  has  now  come  so  eztensiyelj 
into  nse  both  in  this  country  and  abroad,  various  requirements  have 
been  found  to  arise ;  and  for  the  purpose  of  meeting  these,  seyeral 
improvements  of  the  instrument  have  been  introduced,  one  of  the 
most  remarkable  of  which  is  an  arrangement  invented  by  Mr. 
William  Sellers  of  Philadelphia,  the  manufacturer  of  the  injector 
in  the  United  States,  to  obviate  the  necessity  of  adjusting  by  hand 
the  quantity  of  water  supplied  to  the  injector,  and  thus  render  the 
instrument  to  that  extent  self-adjusting. 

In  the  original  Giffard*s  injector  shown  in  Fig.  I,  Plate  95, 
the  quantity  of  water  allowed  to  reach  the  combining  cone  B  is 
adjusted  by  means  of  the  external  regulating  hand-screw  F,  which 
by  raising  or  depressing  the  steam  cone  A  increases  or  diminishes 
the  annular  opening  for  water.  In  Sellers'  self-adjusting  injector 
this  opening  is  adjusted  by  the  application  of  a  piston  in  a  cylinder, 
actuated  by  the  amount  of  pressure  or  of  vacuum  existing  alternately 
in  the  overflow  chamber,  according  as  the  supply  of  water  is  in 
excess  or  deficient. 

The  construction  of  the  self-adjusting  injector  is  shown  in  the 
vertical  section,  Fig.  4,  Plate  96,  with  the  working  portion  enlarged 
in  Fig.  5.  A  is  the  steam  cone,  B  the  combining  cone,  C  the 
receiving  cone;  and  the  admission  of  steam  through  the  steam 
cone  A  is  regulated  as  hitherto  by  the  handle  D  of  the  steam 
spindle  I.  The  combining  cone  B  at  its  base  is  so  made  as  to 
form  a  piston  E,  which  separates  the  water  chamber  G  from  the 
overflow  chamber  0.      The  interval  J  forms  the  entrance  to  the 
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receiving  cone  0,  and  also  to  the  overflow  chamber  O,  as  shown  in 
the  transverse  section,  Fig.  6.  The  boiler  valve  H  prevents  the 
water  returning  firom  the  boiler ;  and  K  is  a  waste  cock,  which  when 
open  allows  the  water  and  steam  to  issue  into  the  atmosphere. 

The  mode  of  working  the  instrument  is  as  follows.  The  waste 
cock  K  being  first  opened,  the  supply  of  water  admitted  from  the 
tank  is  allowed  to  flow  out  through  the  waste ;  and  the  steam  being 
then  turned  on  by  the  handle  D,  an  immediate  increase  takes  place 
in  the  volume  of  water  escaping  at  the  waste  cock,  showing  that  the 
jet  has  been  established.  The  waste  cock  is  then  closed,  and  the 
water  flows  into  the  boiler  through  the  valve  H.  In  case  there 
should  be  too  much  water  admitted  to  the  combining  cone  B,  the 
superabundance  will  be  driven  into  the  overflow  chamber  below  the 
piston  E,  and  will  raise  the  piston  so  as  to  diminish  the  annular 
space  between  th©  combining  cone  B  and  the  steam  cone  A,  and 
thus  reduce  the  water  supply  until  the  quantity  admitted  is  in  exact 
proportion  to  the  supply  of  steam.  The  relative  positions  of  these 
cones  will  then  remain  the  same  until  some  change  takes  place  in 
the  pressure  of  the  steam.  Supposing  the  pressure  of  the  steam 
in  the  boiler  should  increase,  so  that  a  larger  quantity  of  steam 
is  discharged  through  the  steam  cone,  the  increased  velocity  of  the 
jet  will  carry  along  with  it  into  the  boiler  some  of  the  water  which 
had  previously  escaped  through  the  opening  J  into  the  overflow 
chamber,  and  will  thus  produce  a  partial  vacuum  under  the  piston ; 
the  pressure  of  the  water  will  then  cause  the  piston  to  recede  from 
the  steam  cone  and  admit  more  water,  until  the  proper  proportion 
is  again  established.  At  the  junction  of  the  water  branch  G  with 
the  main  body  of  the  injector  a  small  valve  L  is  provided.  Fig.  5, 
opening  outwards ;  and  the  escape  of  steam  from  this  valve  gives 
warning  that  the  injector  has  ceased  working  from  want  of  water, 
similarly  to  the  escape  of  steam  from  the  overflow  pipe  M  in  the 
original  injector.  Fig.  1. 

In  many  boilers,  such  as  those  having  a  small  water  and  steam 
capacity  compared  with  their  heating  surface,  and  where  the 
demand  for  steam  is  very  irregular,  the  variations  in  the  steam 
pressure  are  considerable  and  frequent,  and  the  amount  of  attention 
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required  for  regulating  an  ordinary  injector  becomes  somewliat 
inconvenient;  under  such  circumstances  the  ingenious  and  simple 
arrangement  now  described  for  rendering  the  injector  self-adjusting 
will  be  found  extremely  useful.  It  is  evident  that  this  arrangement 
of  injector  does  not  permit  any  overflow  to  take  place  after  the 
injector  is  once  started.  Also  as  no  air  can  get  admission  to  the 
receiving  cone  of  the  injector,  in  consequence  of  there  being  no 
open  overflow  pipe,  the  entering  water  jet  is  not  impeded  in  its 
progress  by  the  contact  of  air  tending  to  enter  with  it.  In  injectors 
having  an  open  overflow,  air  can  gain  access  to  the  entering  water 
jet,  and  the  quantity  of  water  passing  into  the  boiler  is  consequently 
diminished. 

An  arrangement  for  rendering  the  self-adjusting  injector  also 
self-starting  has  been  contiived  at  the  writer's  works,  in  order  to 
obviate  the  necessity  for  opening  and  closing  by  hand  the  waste 
cock  K,  Fig.  4 ;  for  when  this  cock  has  to  be  opened  and  closed  by 
hand  by  the  attendant  at  each  time  of  starting  the  injector,  it 
increases  the  number  of  manipulations,  and  may  therefore  perhaps 
be  considered  as  a  slight  objection  to  the  instrument  in  that  form. 
In  the  improved  self-starting  injector,  shown  in  Fig.  7,  Plate  97, 
and  enlarged  in  Fig.  8,  the  spindle  of  the  boiler  valve  H  carries  a 
smaller  conical  valve  S,  which  when  the  injector  is  not  at  work  is 
always  kept  open  by  the  pressure  of  the  boiler  upon  the  valve  H,  as 
shown  in  Fig.  8.  When  therefore  the  steam  is  first  turned  on  for 
starting  the  injector,  the  water  is  at  first  allowed  by  the  valve  S  to 
escape  through  the  waste  pipe  Q;  but  as  soon  as  the  jet  is 
established,  the  valve  H  opens  to  the  boiler,  and  at  the  same  time 
closes  the  conical  valve  S,  and  stops  the  escape  through  the  waste 
pipe,  as  shown  in  Fig.  7.  This  arrangement  has  the  advantage  not 
only  of  rendering  unnecessary  the  opening  and  closing  by  hand  of 
the  waste  cock,  but  also  of  showing  very  clearly  when  the  injector 
ceases  working ;  because  when  that  happ>ens  the  boiler  valve  H  is 
closed  by  the  back  pressure  fix)m  the  boiler,  thereby  opening 
simultaneously  the  valve  S  and  allowing  the  steam  and  water  to 
escape  through  the  waste  pipe  Q. 
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In  Fig.  2,  Plate  95,  is  shown  tlie  improved  arrangement  of  the 
ordinary  injector  with  hand  adjustment,  designed  by  the  writer  and 
Mr.  Gresham,  which  has  now  come  into  extensive  use  in  place  of  the 
original  form  of  injector.  In  the  original  injector,  shown  in  Fig.  1, 
the  combining  cone  B  and  receiving  cone  0  are  stationary,  and  the 
admission  of  water  is  regulated  by  sliding  longitudinally  the  steam 
cone  A,  which  is  carried  upon  the  extremity  of  a  hollow  cylinder  N, 
passing  through  a  stuffing-box  at  the  top  of  the  instrument,  and 
requiring  also  an  internal  ring  of  packing  at  P,  in  order  to  prevent 
the  steam  from  blowing  through  into  the  water  chamber.  With 
high  pressure  steam,  such  as  120  lbs.  having  a  temperature  of 
350®  Fahr.,  this  internal  packing  becomes  injured  by  the  constant 
exposure  to  the  high  .temperature  whilst  working,  and  involves  the 
trouble  of  frequent  renewal ;  and  in  order  to  obviate  this  difficulty, 
the  improved  injector  shown  in  Fig.  2  is  constructed  with  the 
converse  arrangement  of  the  cones,  the  steam  cone  A  being  made  a 
fixture  in  the  instrument,  while  the  combining  cone  B  and  receiving 
cone  C  are  cast  together  in  a  single  piece  sliding  longitudinally, 
and  are  moved  by  the  internal  rack  and  pinion  R.  By  this 
means  the  necessity  for  any  internal  packing  is  avoided,  as  no 
internal  steam-tight  joint  is  required ;  and  at  the  same  time  the 
stuflBng-box  at  the  top  of  the  sliding  cylinder  N,  Fig.  1,  is  also  done 
away  with.  The  sliding  cones  B  and  C,  Fig.  2,  require  only  to  be 
turned  originally  to  an  easy  fit  in  their  external  cylindrical  guides, 
as  it  is  not  necessary  for  these  joints  to  be  absolutely  water-tight. 
The  only  additional  requirement  involved  in  this  arrangement  is 
the  stuffing-box  for  the  spindle  of  the  pinion  R,  which  is  packed 
externally  and  has  only  to  be  made  water-tight,  in  contrast  with  the 
internal  steam-tight  packing  P  in  the  original  injector,  Fig.  1. 

The  progress  that  has  been  made  in  increasing  the  delivery  of 
water  by  the  improvements  effected  in  the  injector  is  shown  in  the 
accompanying  table,  which  gives  the  deliveries  obtained  at  different 
pressures  of  steam  with  the  self-adjusting  injector  and  the  rack  and 
pinion  injector,  in  comparison  with  the  theoretical  delivery  as 
originally  calculated  by  M.  Giffard : — 
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Pressure  of 
Steam.             i 

Lbs.  per 
square  inch. 

Delivery  in  gallons  per  hoar. 

Gi£rard*s 

original 

calculation. 

Back  and  Pinion 

Iiyector. 
Fig.  2.  Plate  M. 

Self*A(^astinff 

Injector. 
Pig.  4.  Plate  W. 

Lbs. 
10 
20 
80 
40 
50 
60 

Gall. 
246 
848 
427 
498 
551 
604 

Gall. 
420 
590 
665 
746 
780 
936 

GalL 
480 
655 
780 
865 
900 
1081 

Temporatnre  of  supply  water  85**  Fahr. 

From  this  table  it  will  be  seen  that  considerable  progress  has  been 
made  in  developing  the  capabilities  of  the  injector  since  it  left  the 
hands  of  the  inventor.  In  the  case  of  the  rack  and  pinion  injector, 
shown  in  Fig.  2,  the  increased  delivery  may  be  attribnted  partly  to 
the  better  vacuum  obtained  in  the  water  chamber  by  the  adoption 
of  the  fixed  steam  nozzle  without  packing,  and  partly  to  the  more 
perfect  concentration  of  the  steam  current  upon  the  water  current, 
in  consequence  of  the  greater  length  to  which  the  steam  cone  A  is 
inserted  into  the  combining  cone  B.  In  the  case  of  the  self- 
adjusting  injector,  shown  in  Fig.  4,  the  steam  cone  A  is  also  fixed  ; 
and  as  the  exact  quantity  of  water  which  the  steam  is  capable  of 
taking  up  is  always  admitted  to  the  instrument  by  its  self-adjusting 
property,  it  is  evident  that  the  injector  once  having  the  steam 
adjusted  for  the  maximum  delivery  continues  to  deliver  the  TnftTJTnnni 
quantity  of  water  which  the  pressure  of  the  steam  at  any  moment 
renders  possible.  On  the  other  hand,  in  the  case  of  an  injectot* 
requiring  the  water  admission  to  be  adjusted  by  hand,  it  is  impossible 
for  the  injector  to  produce  constantly  the  maximum  effect  of  water 
delivery  when  there  is  a  continual  variation  in  the  pressure  of 
steam,  because  the  water  supply  cannot  in  ordinary  practice  be 
constantly  adjusted  by  hand  to  suit  the  varying  pressure. 

There  appears  to  the  writer  to  be  a  possible  drawback  to  the 
application  of  these  self-adjusting  injectors  in  cases  where  a  high 
temperature  of  supply  water  is  to  be  used,  and  especially  where  that 
temperature  varies,  as  in  the  case  of  a  locomotive  engine.     This 
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drawback  consists  in  tlie  probability  that  under  such  circumstances 
the  injector  might  be  difficult  to  start,  because  there  is  no  open 
overflow  pipe  for  allowing  the  surplus  water  to  escape,  and  therefore 
a  greater  quantity  of  water  cannot  be  used  to  condense  the  steam 
jet  than  can  be  admitted  into  the  boiler  in  a  given  time  through  the 
receiving  cone  of  the  injector.  With  the  ordinary  open  overflow 
however  a  larger  quantity  of  water  than  can  obtain  access  to  the 
boiler  may  be  admitted  to  condense  the  steam  current,  the  surplus 
escaping  at  the  overflow;  and  thus  a  feed  can  be  estabHshed, 
although  overflow  may  at  the  same  time  take  place. 

A  simple  means  has  also  been  arranged  by  Mr.  Sellers  for  raising 
the  supply  water  by  the  action  of  the  injector  itself,  where  the 
supply  is  at  some  depth  below  the  level  at  which  it  is  convenient 
to  fix  the  injector.  The  arrangement  adopted  for  this  purpose  is 
shown  in  Fig.  8.  A  small  hole  is  drilled  up  the  centre  of  the  steam 
adjusting  spindle  I,  throughout  the  length  that  is  within  the  steam 
cone  A,  and  four  small  transverse  holes  at  the  top  admit  the  steam 
to  pass  down  through  the  interior  of  the  spindle  as  soon  as  the 
conical  valve  T  is  slightly  opened.  The  combining  cone  B  is  so 
arranged  as  not  to  close  the  water  passage  entirely  when  the  piston  E 
is  at  the  extremity  of  its  range,  as  shown  in  Fig.  8,  but  to  leave  still 
a  small  annular  space  for  the  admission  of  the  water  from  the  water 
chamber  G.  The  effect  therefore  of  slightly  opening  the  valve  T  is 
to  allow  a  small  quantity  of  steam  to  issue  from  the  hollow  steam 
spindle  at  a  high  velocity,  and  pass  out  through  the  waste  pipe  Q, 
taking  with  it  any  air  which  may  exist  in  the  water  chamber  G- ;  by 
this  means  a  greater  amount  of  vacuum  is  produced  in  the  water 
chamber  than  would  be  created  if  the  steam  were  allowed  to  pass  at 
a  lower  velocity  through  the  annular  orifice  of  the  steam  cone  A. 
The  conical  valve  T,  Fig.  8,  which  was  suggested  at  the  writer's 
works,  is  also  found  to  be  a  better  method  of  shutting  off*  the  steam 
than  by  stopping  the  steam  cone  A  with  the  end  of  the  spindle  I,  as 
in  Fig.  5  ;  and  the  application  of  the  valve  T,  Fig.  8,  reduces  the 
starting  process  to  one  operation,  because  when  the  water  from  the 
tank  and  the  steam  from  the  boiler  are  turned  on,  it  is  only  necessary 
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to  turn  np  the  steam  spindle  by  the  handle  D,  Fig.  7,  in  order  to 
start  the  injector. 

Endeavonrs  have  been  made  by  Mr.  Barclay  of  Kilmarnock  and 
others  to  coustmct  an  ordinary  Gifiard's  injector  in  snch  a  majiner 
that  it  will  draw  water  from  a  considerable  depth ;  and  this  has  been 
snccessfully  accomplished  to  the  extent  of  lifting  the  water  from  a 
depth  of  15  or  18  feet  below  the  water  chamber  of  the  injector,  the 
temperature  of  the  snpply  water  being  60°  Fahr.  The  construction 
of  injector  employed  for  this  purpose  is  shown  in  Fig.  10,  Plate  98 ; 
and  the  success  is  attributable  to  the  care  taken  to  obtain  a  better 
vacuum  in  the  water  chamber  Q  by  means  of  double  stuffing- 
boxes  U  and  Y.  One  of  these  U  prevents  the  escape  of  steam  into 
the  air,  and  the  other  V  prevents  the  entrance  of  air  into  the  water 
chamber  G.  Considerable  importance  is  also  attached  to  the 
advantage  of  a  shielded  steam  cone  A,  shown  to  a  larger  scale 
in  Fig.  11,  the  extremity  of  the  cone  being  surrounded  by  an 
external  casing,  leaving  an  air  space  between  of  i  inch  width 
closed  at  the  bottom,  which  serves  as  a  non-conductor  to  prevent  the 
steam  &om  being  cooled  and  cause  it  to  preserve  its  full  heat  to  the 
very  extremity  of  the  steam  nozzle.  The  steam  adjusting  spindle  I  is 
also  made  to  project  through  the  steam  cone  A  into  the  combining 
cone  B  in  the  same  way  as  in  the  original  injector.  Fig.  1,  so  as  to 
secure  not  only  an  annular  steam  jet  but  also  an  annular  combined 
jet;  and  the  spindle  is  steadied  near  the  extremity  by  the 
guide  X,  Fig.  11,  to  keep  it  truly  central  with  the  jet. 

Another  arrangement  of  injector  for  the  same  object  is  shown 
in  Fig.  12,  where  the  sliding  steam  nozzle  has  only  a  single  stuffing- 
box  W,  which  prevents  the  ingress  of  air  to  the  water  chamber ;  and 
the  steam  entrance  is  fixed  upon  the  sliding  steam  nozzle,  and  moves 
with  it,  so  as  to  preclude  the  necessity  for  a  second  stuffing-box  to 
prevent  leakage  of  steam.  This  construction  requires  however  a 
flexible  steam  pipe,  in  order  to  allow  for  the  motion  of  the  sliding 
steam  nozzle.  When  the  injector  is  used  for  lifling  water  from 
a  lower  level,  the  steam  cone  A  is  first  turned  down  by  the  regulating 
screw  F  to  its  extreme  lowest  position,  as  shown  by  the  dotted  lines, 
leaving  a  small  annular  passage  for  water  between  the  steam  cone 
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and  the  combining  cone.  The  steam  spindle  I  is  then  turned  once 
round,  which  gives  sufficient  opening  for  the  amount  of  steam 
required  to  exhaust  the  water  chamber  G.  As  soon  as  the  water  is 
seen  to  issue  from  the  overflow  pipe  M,  the  handle  F  is  turned  so  as 
to  raise  the  steam  cone  A  to  a  position  suited  to  the  pressure  in  the 
boiler,  and  the  steam  spindle  I  is  drawn  back  until  the  overflow 
ceases. 

It  is  evident  that  in  these  two  aiTangements  of  injector,  as  shown 
in  Figs.  10  and  ]  2,  no  leakage  of  either  air  or  steam  into  the  water 
chamber  G-  can  take  place,  to  impair  the  vacuum  capable  of  being 
produced  by  the  jet  of  steam  issuing  through  the  combining  cone. 


The  Chairman  thought  the  self-adjusting  injector  described  in 
the  paper  just  read  was  a  remarkably  elegant  and  ingenious 
application  of  science  to  engineering  practice ;  and  he  enquired  how 
long  it  had  been  in  use,  and  whether  the  new  improvement  could  be 
adapted  to  injectors  already  existing  on  the  previous  plan. 

Mr.  Robinson  replied  that  the  self-adjusting  arrangement  had 
been  devised  with  special  reference  to  locomotive  engines,  to  meet 
the  constant  variations  in  their  steam  pressure  during  ordinary 
work ;  and  a  great  number  of  the  improved  injectors  were  already 
in  use  on  locomotives  in  the  United  States,  and  it  was  now  being 
endeavoured  to  render  them  suitable  as  far  as  possible  to  the 
requirements  of  locomotives  in  England.  One  obstacle  at  present 
to  the  adoption  of  the  self-adjusting  injector  was  that,  as  the 
overflow  was  entirely  closed  in,  it  made  no  noise  when  at  work ;  and 
the  enginemen  did  not  like  a  quiet  injector,  having  been  accustomed 
to  the  old  injector  with  the  open  overflow  pipe,  which  they  preferred 
on  account  of  its  making  a  noise  in  working,  so  that  they  could  tell 
by  the  sound  when  it  was  at  work.  It  would  not  be  practicable  to 
alter  the  previous  injectors  to  the  self-adjusting  arrangement,  as  the 
extent  of  alteration  required  would  amount  to  nearly  as  much  as  a 
new  instrument. 
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Mr.  G.  W.  Siemens  remarked  that,  from  the  table  given  in  the 
paper  of  the  delivery  of  water  obtained  with  the  injector,  it  appeared 
that  with  a  steam  pressure  of  10  lbs.  the  actnal  delivery  obtained 
with  the  two  forms  of  injector  named  was  420  and  480  gallons  per 
hour  respectively,  while  the  calculated  deUvery  was  put  down  at 
only  246  gallons ;  and  he  enquired  what  was  the  explanation  of  this 
difference,  and  how  it  was  that  the  delivery  of  the  self-adjusting 
injector  could  be  more  than  was  given  by  calculation. 

Mr.  RoBiKSON  explained  that  the  quantities  put  down  in  the 
column  of  theoretical  dehvery  were  those  obtained  from  M.  Giffard*8 
original  calculation  of  the  delivery,  and  the  calculation  had  been 
found  to  be  incorrect,  having  been  exceeded  even  by  the  early 
injectors,  though  only  to  a  comparatively  small  extent  at  first. 
By  subsequent  improvements  however  in  the  proportions  of  the 
instruments,  the  maximum  dehvery  had  been  still  further  increased, 
and  this  increase  had  been  much  more  considerable  in  England  than 
in  France.  Another  point  on  which  a  mistaken  idea  had  at  first 
been  entertained  was  the  area  of  the  steam  cone,  which  had  been 
made  smaller  in  proportion  for  higher  pressures  of  steam;  whereas  in 
reality  a  larger  area  was  requisite  with  a  higher  pressure,  in  order 
to  obtain  a  larger  quantity  of  steam  and  so  increase  the  velocity  of 
the  jet,  and  thus  overcome  the  increased  resistance  of  the  boiler ; 
and  the  greater  degree  of  success  attained  in  England  with  the 
injector,  particularly  at  higher  pressures,  was  to  be  attributed  mainly 
to  the  adoption  of  a  larger  proportionate  area  for  the  steam  cone. 

Mr.  F.  J.  Bbamwell  remarked  that  the  quantities  given  in  the 
table  as  (Hffard*s  original  calculation  appeared  to  increase  in  the 
proportion  of  the  square  root  of  the  increase  in  pressure,  the 
delivery  being  put  down  at  246  gallons  with  a  pressure  of  10  lbs., 
while  with  four  times  that  pressure  or  40  lbs.  the  delivery  was 
twice  as  great  or  493  gallons.  But  by  the  two  columns  of  actual 
dehvery  given  in  the  table  it  appeared  that  the  ratio  of  increase  was 
somewhat  less  in  practice,  and  therefore  the  proportionate  difference 
between  the  calculated  quantity  as  given  in  the  table  and  the  actual 
dehvery  obtained  in  practice  would  gradually  diminish  as  the 
»^^essure  increased. 
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The  Chairman  enquired  what  had  been  found  to  be  the  practical 
results  of  the  improved  injector  as  to  its  efficiency  in  working  on 
locomotive  engines. 

Mr.  Robinson  said  the  self-adjusting  arrangement  was  found  a 
great  improvement,  by  obviating  the  necessity  for  readjusting  the 
admission  of  water  to  the  instrument  whenever  any  fluctuatioif 
occurred  in  the  steam  pressure ;  this  adjustment  had  to  be  done  by 
hand  in  the  former  injectors,  and  the  engineman  could  not  always 
readily  attend  to  it  just  at  the  time  when  it  was  required.  Another 
objection  to  the  previous  injectors  was  the  constant  dropping  of 
water  from  the  overflow  pipe  whenever  the  steam  pressure  fell, 
which  was  a  great  nuisance:  this  was  entirely  obviated  in  the 
self-adjusting  injector,  not  merely  by  the  fact  of  its  being  self- 
adjusting  according  to  the  varying  pressure  of  the  steam,  but  also 
by  the  whole  instrument  being  entirely  closed  in,  so  that  no  escape 
of  water  at  the  overflow  was  possible  after  the  starting  cock  had 
been  closed  at  starting  the  injector  to  work. 

Mr.  C.  W.  Siemens  asked  whether  in  the  self-adjusting  injector 
the  piston  in  the  overflow  chamber  was  always  ready  to  act,  or 
whether  it  was  liable  to  stick ;  the  self-regulating  property  of  the 
instrument  appeared  to  require  considerable  delicacy  of  action  in 
the  piston,  especially  in  a  small  injector  having  a  piston  of  small 
area.  He  enquired  also,  in  regard  to  the  self-starting  injector  shown 
in  Fig.  7,  in  which  the  waste  pipe  was  closed  at  starting  by  the 
opening  of  the  boiler  valve  instead  of  by  hand,  whether  it  ever 
happened  that  the  area  of  opening  of  the  waste  pipe  was  sufficient 
to  discharge  the  whole  jet  of  the  injector,  so  that  the  boiler  valve 
would  not  be  opened  by  the  jet  at  all ;  and  he  asked  what  proportion 
was  adopted  for  the  relative  size  of  the  waste  aperture  in  order  to 
prevent  such  an  occurrence. 

Mr.  Robinson  replied  that  it  had  been  found  in  practice  that  the 
area  of  the  waste  aperture  must  not  be  more  than  IJ  times  the 
area  of  the  receiving  cone,  otherwise  the  jet  of  water  might  possibly 
continue  to  escape  from  the  instrument  without  producing  sufficient 
pressure  on  the  boiler  valve  for  opening  it  into  the  boiler.  With 
regard  to   the  piston   by  which   the  injector  was  rendered  self- 
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adjasting,  it  had  certainly  been  feared  at  first  that  the  piston  would 
be  liable  to  stick,  especially  with  bad  water.  But  it  was  found  on 
the  contrary  that  the  real  difficulty  was  to  prevent  the  piston  from 
moving  so  rapidly  and  so  violently  as  to  injure  itself  by  striking' 
against  the  top  of  the  cylinder,  when  the  injector  did  not  start  at 
once.  When  the  injector  was  stopped  by  shutting  off  the  steam, 
the  back  pressure  ^m  the  boiler  in  closing  the  boiler  valve  drove 
the  piston  back  with  great  rapidity  to  the  top  of  the  cylinder; 
and  he  had  delayed  bringing  forwards  the  self-adjusting  injector 
until  the  results  of  actual  working  had  shown  how  the  piston 
stood  the  amount  of  shock  to  which  it  was  subjected.  As  far  as 
could  be  ascertained  from  the  use  of  the  injector  upon  locomotives, 
it  appeared  that  the  piston  was  so  sensitive  that  a  variation  of  only 
2  lbs.  per  square  inch  in  the  steam  pressure  was  sufficient  to  move 
it ;  the  piston  was  therefore  always  moving,  and  never  stood  still 
while  the  injector  continued  at  work.  The  first  trial  made  with  the 
self-adjusting  injector  had  been  on  an  engine  employed  in  shunting; 
and  with  the  ordinary  injectors  previously  used  the  water  constantly 
jumped  out  of  the  overflow  pipe  from  the  shocks  in  shunting ;  but 
as  there  was  no  open  escape  in  the  self-adjusting  injector,  it  was 
feared  the  piston  might  be  too  sensitive  when  the  engine  struck 
a  train,  and  that  the  escape  of  water  into  the  closed  overflow 
chamber  might  cause  so  much  motion  of  the  piston  as  to  stop  the 
current  of  the  jet.  In  practice  however  this  had  not  been  found  to 
be  the  case,  and  he  believed  the  self-adjusting  injector  worked 
more  steadily  when  shunting  than  the  previous  injectors  having 
the  open  overflow. 

The  Chairman  enquired  whether  any  packing  was  employed  for 
keeping  the  piston  water-tight. 

Mr.' Robinson  replied  that  in  the  first  self-adjusting  injector  the 
piston  had  been  made  with  two  grooves  filled  with  light  metal 
packing  rings,  as  shown  in  Fig.  5 ;  but  this  had  been  found 
unnecessary,  and  he  believed  it  was  better  not  to  make  the  piston 
so  tight  in  the  cylinder,  in  order  to  ensure  its  moving  freely  with 
the  variations  in  the  steam  pressure.  The  piston  was  therefore  now 
made  without  any  packing,  as  shown  in  Fig.  8,  being  merely  turned 
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to  an  easy  fit  in  the  cylinder  ;  and  it  was  not  necessary  for  it  to  be 
absolutely  water-tight,  just  as  in  the  pneumatic  despatch  tubes  a 
small  clearance  was  left  all  round  the  piston,  without  interfering 
with  tbe  efficiency  in  working. 

Mr.  H.  Woods  enquired  whether  by  the  employment  of  the  self- 
adjusting  arrangement  there  was  any  difficulty  in  working  a  large 
injector  with  only  a  small  quantity  of  feed  water.  Supposing  an 
injector  were  obtained  large  enough  for  feeding  four  boilers,  he 
asked  whether  it  could  be  conveniently  employed  for  feeding  one 
boiler  only,  whenever  the  other  three  might  be  out  of  work. 

Mr.  Robinson  believed  the  improved  injectors  would  allow  of  as 
great  a  range  as  40  per  cent,  in  the  quantity  of  feed  water,  without 
the  proper  working  being  interfered  with;  and  the  self-adjusting 
arrangement  would  certainly  have  an  advantage  in  cases  where  a 
varying  quantity  of  feed  was  required,  because  the  water  supply 
adapted  itself  to  every  change  made  in  the  steam  supply  within  the 
limits  of  range  allowed  by  the  instrument.  The  alterations  made  in 
the  proportions  of  the  new  injectors  had  had  the  effect  lie  believed 
of  slightly  reducing  the  minimum  delivery  of  the  injector  as 
compared  with  its  maximum,  though  not  to  any  material  extent 
beyond  the  original  injectors.  With  all  large  injectors  there  still 
remained  the  same  difficulty  as  previously  in  supplying  only  a  small 
quantity  of  feed  to  a  boiler ;  and  the  only  way  to  manage  was  to 
feed  for  a  certain  length  of  time  and  then  shut  off,  which  was 
certainly  a  very  inconvenient  plan  and  only  partially  obviated  by 
the  self-adjusting  arrangement.  La  travelling  recently  a  considerable 
distance  by  railway  he  had  been  able  to  tell  by  the  sound  of  the 
injector  when  it  was  at  work  or  not,  as  it  was  one  of  the  former  sort 
with  an  open  overflow ;  and  he  observed  that  the  engineman  started 
the  injector  whenever  he  stopped  the  train,  and  vice  versa,  using  the 
surplus  steam  to  feed  the  boiler  when  not  running,  which  appeared 
a  very  rational  way  of  dealing  with  the  difficulty  of  having  an 
injector  larger  than  was  "required  for  the  work  to  be  done. 

Mr.  W.  Hackney  enquired  how  the  water  was  prevented  from 
escaping  at  the  small  outlet  valve  placed  on  the  water  branch,  as 
shown  at  L  in  Fig.  5,  through  which  it  was  stated  the  steam  would 
blow  out  whenever  the  injector  stopped  working  for  want  of  water. 
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Mr.  Robinson  ezplained  that  the  small  escape  valye  was  held 
down  to  its  seat  by  a  spring  pnt  upon  it,  which  was  adjusted  to  the 
head  of  water  supplied  to  the  injector  and  had  its  outlet  above  the 
highest  water  level,  so  that  it  did  not  allow  the  water  to  escape 
in  ordinary  working,  and  was  only  opened  by  the  pressure  of  the 
steam  when  there  was  not  water  enough  for  the  working  of  the 
injector.  This  valve  however  he  thought  was  not  at  all  necessary, 
except  perhaps  on  locomotive  engines,  where  it  served  to  call  the 
driver's  attention  when  the  injector  ceased  working,  in  the  same 
way  as  the  escape  of  steam  from  the  open  overflow  pipe  of  the 
previous  injectors. 

Mr.  E.  A.  CowpER  enquired  whether  injectors  had  yet  been 
employed  with  complete  success  for  feeding  marine  boilers.  In  an 
early  attempt  for  that  purpose  some  objection  had  been  made  to  the 
injector  on  the  score  of  its  occasionally  failing ;  and  he  believed  the 
difficulty  in  that  instance  was  partly  owing  to  the  circumstance  of  a 
number  of  boilers  being  ranged  in  a  line,  supplied  by  one  main  feed 
pipe,  with  the  injector  delivering  in  at  one  end  of  the  pipe.  When 
the  ship  was  rolling  therefore,  the  whole  column  of  water  in  the  long 
feed  pipe  acted  like  a  ram,  giving  a  very  considerably  increased 
pressure  for  the  moment  upon  the  injector,  as  there  was  no  air 
vessel  to  relieve  it;  and  thus  the  injector  had  to  work  against  a 
varying  pressure,  running  up  much  beyond  the  boiler  pressure,  so 
that  its  proper  working  was  interfered  with. 

Mr.  BoBiNSON  said  that  some  time  ago  an  injector  had  been 
applied  in  the  "  Fox"  gunboat,  which  worked  with  complete  success; 
the  sea  water  for  the  injector  was  conveyed  to  it  through  a  pipe  of 
considerable  length,  and  of  course  there  was  a  considerable  variation 
of  pressure  in  the  supply  according  to  the  inclination  of  the  v^sel 
in  the  water;  but  notwithstanding  this  varying  pressure  he  had  not 
heard  of  a  single  instance  of  fiailure  or  difficulty.  The  former  prejudice 
against  the  use  of  the  injector  for  marine  boilers  arose  he  believed  from 
an  accidental  mistake  in  first  applying  the  injector  on  the  "  Great 
Eastern,"  where  an  injector  of  the  size  intended  for  feeding  only  one 
boiler  was  set  to  feed  six,  and  had  of  course  proved  incompetent ; 
the  supply  of  water  was  not  merely  insufficient,  but  it  was  not 
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introdnced  into  the  injector  in  the  proper  mode,  and  air  was 
admitted  with  it,  and  the  injector  was  consequently  stopped.  For 
marine  purposes  however  he  was  at  a  loss  to  understand  why  the 
injector  should  not  work  as  well  as  on  locomotives,  or  indeed  a  great 
deal  better,  inasmuch  as  it  was  more  efficient  for  low  pressures  than 
high.  One  difficulty  indeed,  which  might  possibly  arise  in  feeding 
marine  boilers,  was  deposit  of  saline  matter  from  the  sea  water  in 
the  various  passages  of  the  injector,  which  might  choke  up  the 
nozzles  after  a  length  of  time.  At  present  however  no  difficulty  of 
that  kind  had  been  met  with ;  and  an  injector  applied  in  a  steamer 
running  from  Liverpool  to  Quebec  had  continued  feeding  the  boiler 
during  the  whole  of  the  outward  voyage  without  any  stoppage  at  all. 
The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Robinson  for 
his  paper,  which  was  passed. 


The  following  paper  was  then  read : — 
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DESCRIPTION  OF  A 
CURVILINEAR   SHAPING   MACHINE. 


By  Mr.  FRANCIS  W.  WEBB,  op  Bolton. 


This  machine  has  been  designed  for  the  purpose  of  shaping  the 
curved  inner  face  of  the  rim  of  locomotive  wheels  between  the 
spokes,  so  as  to  finish  all  portions  of  the  rim  to  a  true  circle  from, 
the  centre  of  the  wheel,  and  leave  the  inner  face  of  the  rim  parallel 
throughout  to  the  turned  outer  face  on  which  the  tyre  is  bedded. 

The  machine  is  shown  in  Figs.  1  to  6,  Plates  99  to  101.  Fig.  1  is 
a  plan  of  the  machine ;  Fig.  2  a  longitudinal  section ;  and  Figs. 
5  and  6  are  end  elevations. 

The  wheel  to  be  shaped,  shown  at  A,  Figs.  1  and  2,  is  mounted 
on  a  revolving  table  B  on  the  bed  of  the  machine;  and  a  slow 
circular  motion  is  given  to  the  table  by  the  ratchet-wheel  and  paul  C 
on  the  worm  shaft  D,  which  works  into  the  worm  wheel  on  the  table, 
as  in  an  ordinary  slotting  machine.  The  table  is  moved  forwards 
by  the  bed-screw  E  so  as  to  bring  the  rim  of  the  wheel  under  the 
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in  the  disc  H.  The  disc  being  driven  in  the  direction  shown  by  the 
arrow,  the  tool  has  a  quicker  motion  in  the  return  stroke  than 
in  cutting. 

On  arriving  at  the  junction  of  the  rim  with  the  spoke  of  the 
wheel,  the  rotation  of  the  wheel  is  stopped  by  disconnecting  the 
ratchet  motion  C ;  and  by  means  of  the  worm-wheel  and  worm  K 
Figs.  7  and  8,  Plate  102,  the  tool  F  is  turned  slowly  round  in  the 
lever  G  through  a  quarter  circle,  thereby  rounding  out  the  comer 
where  the  spoke  joins  the  rim,  as  shown  in  Figs.  9  and  10.  The 
tool  is  rotated  either  by  a  ratchet  and  paul  on  the  worm  shaft  K,  or 
by  hand,  the  latter  plan  being  found  preferable  in  practice  both  for 
convenience  and  simplicity.  The  breadth  of  the  toolholder  is  made 
exactly  equal  to  the  diameter  of  the  circle  to  which  the  comer  is  to 
be  rounded  out ;  so  that  when  the  side  of  the  toolholder  comes  up 
against  the  spoke  of  the  wheel,  as  shown  in  Fig.  9,  the  tool  is  in 
the  proper  position  for  the  feed  motion  C  to  be  thrown  out  of 
gear,  and  the  turning  movement  to  be  given  to  the  tool  by  the 
worm  wheel  K. 

As  the  radius  of  the  curve  at  the  corners  of  the  spokes  and  rim 
is  very  small,  the  arm  of  the  toolholder  has  to  be  kept  out  of  the 
centre  line  of  its  shank.  In  the  wheels  for  which  the  first  machines 
were  made,  the  radius  of  this  curve  was  f  inch ;  and  the  front  face 
of  the  toolholder  was  therefore  made  coincident  with  the  centre  line 
of  the  shank,  and  1|  inch  wide,  as  shown  in  Figs.  7  and  8.  With 
this  arrangement  the  workman  has  no  difficulty  in  fixing  the  tool 
with  the  proper  amount  of  projection  in  the  holder ;  for  by  winding 
the  table  round  till  the  side  of  the  toolholder  touches  the  side  of 
one  of  the  spokes,  as  shown  by  the  dotted  lines  in  Fig.  9,  and  then 
turning  the  holder  through  a  quarter  circle,  and  fixing  the  tool  so 
that  its  cutting  edge  just  touches  the  side  of  the  spoke,  as  shown 
dotted  in  Fig.  10,  the  tool  is  sure  to  be  in  the  right  position  for 
shaping  the  rim  of  the  wheel  to  the  exact  arc  required,  the  whole 
adjustment  being  done  with  the  greatest  readiness. 

The  object  of  the  writer  in  designing  this  machine  was  to  bring 
the  wheels  of  engines  and  tenders  to  a  more  correct  balance,  more 
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especially  the  carrying  wheels,  without  at  the  same  time  increafling 
the  cost  of  production ;  and  the  working  of  three  of  these  machines 
at  the  Crewe  Locomotive  Works  during  the  past  twelve  months  has 
shown  that  a  considerable  saving  is  effected  both  in  time  and  wages 
by  this  method  of  finishing  a  wrought-iron  wheel  forging,  over  the 
old  plan  of  chipping  and  filing.  A  considerable  saving  is  also  effected 
in  the  smith's  shop,  as  there  is  no  necessity  for  planishing  up  the 
rims  of  the  wheels ;  and  by  avoiding  this  planishing  the  rims  can 
be  left  in  the  soft  state,  which  the  writer  believes  is  preferable, 
rendering  the  wheel  less  liable  to  fail  by  fracture  of  the  rim. 

The  writer's  attention  was  more  forcibly  drawn  to  the  subject  of 
balancing  the  wheels,  on  occasion  of  examining  a  pair  of  leading 
wheels  of  an  engine  of  the  ''  Lady  of  the  Lake  **  class  on  the 
London  and  North  Western  Railway,  which  had  been  reported  as 
wearing  the  tyres  very  unequally.  When  the  engine  was  examined, 
it  was  found  that  this  unequal  wear  was  not  caused  by  any  want 
of  truth  and  squareness  in  the  frame  and  axles;  and  the  cause 
of  the  defect  was  then  ascertained  to  be  in  the  wheels  themselves, 
which,  though  dressed  on  the  inner  face  of  the  rim  so  as  to  look 
correct,  were  found  on  trial  to  be  about  9  lbs.  out  of  balance.  After 
having  been  balanced,  the  same  wheels  were  put  to  work  again,  and 
did  not  give  any  further  trouble  by  unequal  wear  of  the  tyres. 

Another  case  which  occurred  shortly  afterwards  was  that  of  a 
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would  be  fewer  complaints  of  too  qtiiek  mnning  and  bad  roads ;  and 
at  the  same  time  a  considerable  saving  in  the  wear  and  tear  of  tyres 
would  be  effected. 

At  Messrs.  Sharp  Stewart  and  Co.'s  works  in  Manchester,  where 
one  of  these  machines  is  regularly  at  work,  it  is  found  that  the  cost 
in  wages  in  the  manufacture  of  wheels  by  the  machine  is  about  the 
same  as  by  the  old  method  of  chipping  and  filing ;  but  with  two 
machines  at  work,  as  at  the  Crewe  Works,  the  saving  will  be 
considerable,  as  one  man  can  easily  work  both  machines.  The  saving 
in  files,  which  constitute  one  of  the  most  considerable  sources  of 
expense  in  an  engineering  estabHshment,  is  also  very  great.  It  is 
found  preferable  for  this  slotting  to  be  done  dry,  as  the  slight  rough- 
ness thus  left  by  the  tool  prevents  the  paint  from  being  rubbed  off ; 
and  with  good  steel  there  is  no  difficxdty  in  completing  the  rim  of  a 
5  feet  or  6  feet  wheel  without  once  removing  the  tool  for  sharpening. 


Mr.  Webb  exhibited  the  working  arm  of  one  of  the  shaping 
machines,  which  had  been  lent  for  the  meeting  by  Messrs.  Sharp 
Stewart  and  Co.,  showing  the  action  in  shaping  the  rim  of  a 
wrought-iron  wheel. 

The  Chairman  remarked  that  the  mode  of  shaping  the  inner  face 
of  a  wheel  rim  by  the  machine  described  in  the  paper  was  certainly 
a  novel  idea  in  the  manufacture  of  railway  wheels,  and  well  deserving 
attention,  as  a  means  of  finishing  them  by  machinery  more  correctly 
than  could  be  done  by  hand.  He  enquired  what  length  of  time 
was  occupied  with  the  machine  in  going  all  round  the  rim  of  a 
locomotive  wheel  of  5  feet  diameter. 

Mr.  Webb  replied  that  it  woidd  take  about  three  honrs  to  go 
round  a  wheel  of  that  size,  the  machine  requiring  the  attendance  of 
one  man ;  and  the  rim  would  then  be  finished  to  an  exactly  uniform 
thickness  all  round. 
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Mr.  Robinson  was  convinced  that  the  application  of  the  machine 
described  in  the  paper  would  rapidly  extend,  because  it  was  well 
known  that,  as  far  as  locomotive  engine  building  was  concerned,  the 
use  of  tools  was  daily  becoming  more  and  more  extended  over  every 
part  of  the  work.  In  the  case  of  all  large  forgings,  the  aim  at  the 
present  time  was  to  get  them  from  the  smith  in  large  forged  lumps, and 
then  out  them  down  to  shape  in  lathes  and  slotting  machines,  instead 
of  employing  smith's  labour  to  work  them  down  more  closely  in  the 
first  instance  to  the  shape  desired.  In  the  forging  of  crank  axles  he 
remembered  the  time  when  as  much  as  £7  was  paid  for  smith's 
work  in  bringing  the  forging  into  shape  ready  for  the  lathe;  bat 
now  the  whole  cost  of  shaping  and  finishing  a  crank  axle  was  only 
from  40«.  to  50^.,  the  smith  never  touching  it  at  all  after  the  forging 
of  the  original  rough  mass.  This  showed  the  great  extent  to  which 
smith's  work  was  now  being  superseded,  and  the  expensive  nature 
of  that  work  was  seen  when  it  was  considered  that  in  addition 
to  the  smith's  wages  of  40^.  per  week  each  man  required  a  couple 
of  strikers  to  assist  him,  and  a  supply  of  coals  for  heating  the 
work. 

In  the  case  of  railway  wheels  an  important  portion  of  this  cost 
of  smith's  work  would  be  done  away  with  by  the  application  of  the 
shaping  machine  now  described.  As  the  wheels  were  ordinarily 
constructed,  the  rim  was  welded  up  between  each  of  the  spokes, 
and  in  order  to  make  it  tolerably  neat  in  appearance  a  considerable 
time  was  spent  by  the  smith  in  planishing  the  inner  curved  surface 
of  the  rim,  so  as  to  bring  it  to  the  finished  shape,  while  the  outside 
of  the  rim  was  lefb  rough  to  bo  afterwards  turned  in  the  lathe. 
By  the  application  of  the  present  machine  however  this  additional 
labour  was  avoided,  the  inner  face  of  the  wheel  rim  being  left  rough 
by  the  smith,  the  same  as  the  outside ;  and  the  smith's  work  was 
now  confined  to  welding  up  the  rim,  leaving  the  whole  of  the 
finisliing  to  be  done  by  machinery.  The  result  was  of  course  a 
more  mechanical  job  both  in  theory  and  in  practice,  avoiding  those 
differences  of  thickness  in  the  rim  which  were  so  detrimental  to  the 
steady  running  of  the  engines  and  the  wear  of  the  tyres.  The 
application  of  the  shaping  machine  to  this  purpose  was  ihcroforo 
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unquestionably  an  important  step  in  the  right  direction ;  and  he 
thought  the  use  of  such  a  machine  should  not  be  confined  to  getting 
up  the  surface  of  railway  wheels,  as  there  were  many  other  forms  of 
iron  work  to  which  this  curvilinear  shaping  movement  might  bo 
advantageously  applied. 

Mr.  Webb  mentioned  that  it  had  been  suggested  to  make  the 
inner  surface  of  the  rim  flat  instead  of  convex,  so  as  to  allow  of 
shaping  the  wheel  under  an  ordinary  rectilinear  slotting  machine, 
without  the  necessity  for  a  curvilinear  motion  of  the  tool ;  but 
the  practical  reason  for  making  the  inner  face  curved  was  that 
it  would  not  be  easy  to  ensure  a  sound  weld  with  a  flat  surface, 
as  the  convex  surface  was  required  for  enabling  the  hammers  to 
strike  well  upon  the  inner  face  of  the  rim  in  the  welding.  The 
curvilinear  movement  in  the  shaping  machine  was  therefore  rendered 
necessary,  in  order  to  adhere  to  the  curved  shape  of  the  face,  and 
avoid  cutting  the  iron  to  waste. 

Mr.  F.  J.  Bramwell  remarked  that,  in  the  case  of  a  railway 
wheel  of  3  ft.  6  ins.  diameter  running  at  a  speed  of  50  miles  an 
hour,  each  1  lb.  would  have  a  centrifagal  force  of  rather  more  than 
90  lbs.  or  say  f  cwt. ;  and  therefore  an  amount  of  9  lbs.  out  of 
balance,  as  mentioned  in  the  paper,  would  cause  a  pressure  on  the 
bearing  of  about  7  cwts.  in  one  direction,  and  then  in  1-1 3th  part  of 
a  second  the  same  pressure  in  the  opposite  direction.  It  was  only 
by  taking  into  account  the  speed  of  revolution  that  the  very 
serious  effects  could  be  appreciated  of  even  so  slight  an  error  in 
balance. 

Mr.  Webb  observed  that  the  value  of  perfect  accuracy  in  balance 
of  wheels  running  at  a  high  speed  was  illustrated  by  the  working  of 
the  traversing  cranes  at  the  Crewe  Locomotive  Works,  in  which  the 
driving  pulleys  ran  at  a  speed  of  5000  feet  per  minute  at  the 
circumference,  and  had  never  given  the  slightest  trouble  since  the 
cranes  were  first  started  in  1861,  the  pulleys  having  been  each 
balanced  very  accurately  in  the  first  instance  by  trying  them  with 
the  bearings  on  straight  edges.  In  many  cranes  however,  and  other 
machinery  employed  in  engineering  workshops,  there  was  no  doubt 
that  the  wheels  were  not  balanced  as  they  ought  to  be ;  and  much 


Digitized  by 


Google 


286 


CURVILINEAR   SHAPING   MACHINE. 


trouble  was  consequently  caused  in  keeping  the  whole  in  working 
order. 

Mr.  E.  A.  CowPER  could  confirm  what  had  been  said  as  to  the 
importance  of  accurate  balancing  in  machinery  revolving  at  a  high 
speed ;  for  he  remembered  the  case  of  a  fan  having  arms  of  only  a 
few  pounds  weight,  where  it  was  found  that  a  strain  of  2^  tons 
was  produced  upon  each  arm  in  running  at  a  high  speed;  and 
it  was  very  surprising  how  much  a  small  error  in  balancing 
would  affect  the  revolution  at  high  speeds.  The  employment 
of  the  machine  now  described  for  shaping  the  inside  of  the  rim 
in  railway  wheels  would  certainly  prove  successful  in  establishing 
a  perfect  balance  so  far  as  the  rim  was  concerned;  and  there 
remained  only  the  spokes,  in  which  any  error  of  balance  could 
exist,  and  he  enquired  whether  any  attempt  had  been  made  to 
finish  the  spokes  by  machinery  in  a  similar  manner.  He  had  seen 
a  machine  employed  for  finishing  the  inner  ends  of  the  spokes 
at  the  boss,  by  slotting  out  the  spaces  between  them  with  a  round- 
nosed  tool ;  but  he  did  not  know  whether  the  body  of  the  spokes 
was  gauged  with  any  degree  of  accuracy,  though  it  was  probable 
that  the  wheel  was  reasonably  true  in  balance  when  the  spokes  had 
been  forged  in  dies  under  the  steam  hammer.  He  concurred  entirely 
in  what  had  been  said  as  to  the  importance  of  employing  machinery 
instead  of  smith's  labour  for  all  work  that  coxdd  be  done  by  machines ; 
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cutter  carried  in  a  rest  bolted  upon  the  rim  of  the  wheel ;  this 
revolving  cutter  would  then  finish  the  heads  of  the  spokes  completely, 
and  there  would  be  no  occasion  to  use  the  file  at  all. 

Mr.  Robinson  considered  that  spokes  forged  in  a  die  would 
not  be  found  to  require  any  subsequent  dressing,  but  would  be 
practically  all  uniform  in  size  and  therefore  in  correct  balance, 
Ynih  as  much  truth  as  if  they  had  been  cast  in  a  mould. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Webb  for  his 
paper,  which  was  passed. 


The  following  paper  was  then  read : — 


R  2 
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ON   AN   IMPROVED    TOOL   AND   HOLDER 
FOR  TURNINO  AND  PLANING. 


By  Me.  W.   FORD    SMITH,  of  Manchester. 


The  important  part  which  Cntting  Tools  perform  in  all  engineering 
and  machine-making  establishments,  and  the  large  numbers  of  them 
that  are  constantly  used,  render  it  of  considerable  importance  that 
the  most  efficient  and  economical  form  should  be  adopted.  The 
idea  of  making  the  cutting  portion  of  the  tool  in  a  separate  piece, 
fixed  in  a  stem  or  holder,  instead  of  both  forming  one  piece  as 
usual,  has  been  previously  carried  out  to  a  limited  extent  and  with 
partial  success;  but  practical  difficulties  seem  to  have  prevented 
the  general  adoption  of  the  plan. 

Round  steel  cutters,  held  in  lathe  slide-rests  specially  arranged 
for  the  purpose,  have  been  to  some  extent  successfally  employed  for 
turning  rollers  of  small  diameter  for  cotton  machinery,  and  for  this 
purpose  they  answer  admirably;  but  these  cannot  be  used  for 
turning  large  diameters  nor  for  facing  large  flat   surfaces,  and 
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Triangular  steel  cutters  have  been  tried  also  with  partial  success ; 
but  the  form  of  toolli older  required  for  this  section  of  steel  precludes 
the  possibility  of  sliding  close  up  to  a  collar,  for  before  the  cutter 
itself  can  reach  the  collar  the  toolholder  will  come  in  contact  with 
it  or  with  any  flange  or  flat  surface,  and  will  keep  the  cutting  point 
from  sliding  up  into  the  corner.  Moreover  this  is  practically  a  very 
expensive  arrangement,  as  each  triangular  cutter  requires  to  be 
nicely  shaped  and  fitted  into  its  holder ;  and  if  used  for  taking 
heavy  cuts  it  is  found  difficult  to  prevent  the  cutter  from  being 
forced  back  into  the  holder :  ou  these  accounts  the  utility  of 
triangular  cutters  is  very  limited. 

The  ordinary  form  of  diamond-pointed  tool,  forged  solid  in  one 
piece  out  of  square  bar  steel,  as  shown  in  Fig.  1,  Plate  103,  is  open 
to  several  objections.  It  is  expensive  to  forge,  particularly  if  made 
of  the  hooked  form  shown  in  the  drawing.  It  requires  to  be  ground 
both  on  the  top  and  on  the  two  sides ;  and  the  extent  of  these  three 
surfaces  renders  the  grinding  expensive  and  complicated,  especially 
if  each  surface  is  ground  always  to  the  correct  angle.  As  the  top 
surface  becomes  ground  away,  packing  of  different  thicknesses  is 
required  to  be  placed  under  the  stem  of  the  tool,  in  order  to  raise 
the  cutting  part  to  the  height  of  the  lathe  centres ;  and  this  causes 
waste  of  time.  Also  the  tool  will  not  turn  both  cylindrical  and  flat 
surfaces  without  its  position  in  the  slide-rest  being  altered.  When 
the  diamond-pointed  tool  is  fed  with  a  coarse  traverse  over  the  Work, 
the  surface  produced  is  a  series  of  ridges  and  furrows,  as  shovni  full 
size  in  Fig.  18,  Plate  106 ;  and  the  ridges  require  a  considerable 
amount  of  hand  labour  to  remove  them,  before  a  finished  polished  or 
scraped  surface  can  be  obtained. 

In  the  improved  Toolholder  forming  the  subject  of  the  present 
paper  the  cutting  tool  is  separate  from  the  holder,  and  is  formed  of 
a  short  piece  of  solid,  round  steel,  ground  to  the  proper  angle  and 
fixed  at  the  proper  inclination  in  the  toolholder,  which  is  made 
of  such  a  shape  as  to  be  applicable  to  all  the  principal  descriptions 
of  work.  The  toolholder  is  shown  one  quarter  full  size  in 
Figs.  4  and  5,  Plate  103  ;  Fig.  4  represents  one  of  the  larger  sizes, 
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and  Fig.  5  a  small  size.  Six  different  sizes  are  made,  to  suit  tlie 
different  sizes  and  classes  of  work,  and  for  machines  varying  firom 
large  to  small  sizes. 

The  cutters  A  A  are  of  the  very  best  quality  of  steel  that  can  be 
procured,  and  are  made  from  bars  of  round  steel  cut  into  lengths 
with  a  cold  set ;  each  length  is  long  enough  to  form  two  cutters, 
and  is  slotted  through  the  centre  while  cold  at  the  proper  angle,  as 
shown  in  Fig.  6,  by  a  machine  arranged  for  the  purpose.  The  ends 
of  a  number  of  the  cutters  are  then  heated  in  a  small  furnace,  and 
hardened  in  cold  water.  The  toolholders  B  B  are  made  of  a  strong 
and  tough  quality  of  steel,  and  after  being  forged  nearly  to  the 
required  shape  are  stamped  while  red-hot  by  a  steam  hammer  in 
dies  of  the  proper  form.  The  upper  and  lower  sides  of  the  shank 
are  planed  parallel,  to  ensure  its  always  bedding  fairly  and  firmly  in 
the  toolboxes  of  the  machines  in  which  it  is  to  be  used ;  and  the 
holder  is  then  drilled  for  receiving  the  cutter,  the  hole  being  bored 
always  at  one  standard  angle,  so  as  to  give  the  correct  angle  of 
clearance  to  the  cutter  in  every  case,  by  means  of  a  permanent 
inclined  saddle  upon  the  boring  table,  in  which  the  holder  is  fixed. 

The  cutter  is  held  in  the  toolholder  by  a  steel  set-screw  0,  shown 
half  full  size  in  Fig.  10,  Plate  105,  the  end  of  which  is  recessed 
in  the  centre ;  and  the  portion  of  the  cutter  that  it  bears  against  is 
not  hardened,  so  that  the  cutter  is  indented  by  the  set-screw.     The 
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In  the  constrnction  of  these  tools  the  angle  that  was  found  best 
for  the  clearance  parts  of  the  tools,  Figs.  2  and  3,  was  adhered  to  as 
a  standard  in  all  cases,  both  for  cutting  cylindrical,  taper,  or  flat 
surfaces  in  lathes,  and  for  surfacing,  down-cutting,  or  angling  in 
planing  machines ;  as  any  deviation  from  the  best  angle  gives 
inferior  results  in  cutting.  The  writer  has  found  that  an  angle 
of  1  in  8  measured  from  the  surface  planed  by  the  tool,  as  shown  in 
Figs.  2  and  3,  gives  the  best  results.  This  inclination  was 
accordingly  adopted  in  the  toolholder  first  made,  for  cutting 
surfaces  at  right  angles  to  the  shank  of  the  toolholder,  as  shown  in 
Fig.  3 ;  and  another  holder  was  also  made  with  the  same  angle 
of  clearance  on  one  of  its  sides,  as  shown  in  Fig.  2,  instead 
of  at  the  end,  for  cutting  surfaces  parallel  to  the  side  of  the 
toolholder.  Both  of  these  however  were  superseded  by  the 
improved  toolholder  shown  in  Figs.  7  and  8,  Plate  104,  combining 
the  two  previous  attempts  in  a  single  toolholder  adapted  to  both 
purposes,  having  the  angle  of  clearance  both  at  the  end  and  also 
at  the  side  of  the  holder.  The  cutter  is  placed  at  the  corner  of 
the  holder,  so  that  the  ground  surface  of  the  cutter  is  not  square 
with  either  the  side  or  the  end  of  the  holder,  but  midway  between 
these  two  positions,  at  an  angle  of  45°,  as  shown  in  Fig.  7.  It  will 
be  seen  from  the  comparative  diagram.  Fig.  16,  Plate  106,  that  the 
form  of  the  new  cutter  closely  corresponds  with  the  most  approved 
form  of  the  cutting  part  in  the  best  ordinary  tools,  the  only  difference 
being  that  the  round  cutter  is  made  separate  from  the  holder  instead 
of  being  forged  solid  in  one  piece  with  it. 

In  Fig.  7,  Plate  104,  is  shown  at  D  a  plan  of  the  toolholder  fixed 
on  a  slide-rest,  with  the  tool  in  the  act  of  turning  the  surface  of  a 
collar  on  a  shaft,  and  thus  cutting  a  flat  surface.  At  B  is  shown  the 
same  holder  still  fixed  in  the  same  position  on  the  slide-rest,  but  the 
tool  is  turning  the  cylindrical  portion  of  the  same  shaft.  The 
arrows  show  the  direction  of  feed  of  the  tool,  at  right  angles  to  the 
shaft  at  D,  and  parallel  with  the  shaft  at  B  ;  but  in  both  cases  the 
most  prominent  round  part  of  the  cutter  is  seen  to  be  fairly  facing 
the  metal,  and  the  shavings  escape  at  the  same  angle  of  45°  down 
the  inclined  ground  surface  of  the  cutter,  so  that  the  best  effect  is 
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produced  in  cutting.  By  this  arrangement  the  tool  is  enabled  to 
turn  close  up  to  collars  and  into  corners,  and  to  face  the  collars 
themselves  and  turn  flat  surfaces,  or  to  do  what  is  usually  ternaed 
lathe  surfacing,  with  the  same  toolholder  and  without  moving  its 
position  in  the  slide-rest. 

In  turning  cylindrical  surfaces  with  the  round  cutting  tools,  it  is 
of  course  requisite  that  the  cutting  point  of  the  tool  should  be 
exactly  on  a  level  with  the  lathe  centres,  in  order  to  produce  a 
smooth  turned  surface.  For  this  purpose  a  sheet-iron  gauge  of  the 
simple  form  shown  in  Fig.  14,  Plate  106,  is  supplied  to  each  lathe, 
by  means  of  which  the  tool  is  set  up  in  the  toolholder  with  complete 
accuracy  to  the  exact  height  required  ;  and  the  cutting  edge  being 
thus  always  level  with  the  lathe  centres,  the  turned  cylindrical 
surface  is  finished  as  even  and  true  as  in  planing  a  flat  sur&,ce.  As 
the  tool  is  adjustable  in  the  holder  by  the  set-screw,  it  can  be  kept 
constantly  at  the  proper  height  for  cutting,  without  the  necessity 
for  inserting  any  packing  under  the  toolholder  in  the  toolbox  of  the 
lathe. 

The  toolholders  are  made  in  pairs,  right-handed  and  left- 
handed,  as  shown  in  Figs.  12  and  13,  Plate  105.  Fig.  11  shows 
one  fixed  in  the  toolbox  of  a  planing  machine,  planing  the  flat 
hoi-izontal  surface  of  a  lathe  bed ;  and  the  same  toolholder  is  used 
for  down-cutting  vertical  or  angular  surfaces.      Fig.  13  shows  it 
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tliat  the  tools  can  be  fed.  quickly  over  the  work  and  thick  heavy 
shavings  of  metal  removed,  while  at  the  same  time  a  smooth  even 
and  correctly  finished  surface  is  produced.  When  the  tools  are 
ground  to  the  proper  shape,  they  give  clean  curled  shavings ;  but  if 
badly  ground  tools  are  used,  the  cuttings  are  forcibly  torn  off,  and 
the  surface  of  the  metal  presents  a  pitted  torn  appearance.  In  such 
eases  even  with  fine  traverses  the  whole  power  of  the  machine  is 
frequently  absorbed  with  indifferent  results,  the  cuttings  being 
crumbled  up  into  small  fragments  when  thus  pulled  or  torn  off, 
while  the  tool  occupies  much  more  than  the  proper  length  of  time  in 
traversing  over  the  work,  and  a  rough  uneven  surface  is  produced, 
which  requires  a  great  amount  of  hand  labour  to  finish  it.  In  this 
way  much  more  engine  power  is  expended  in  proportion  to  the  work 
done  than  is  requisite  if  a  correctly  formed  tool  is  used.  If  the  tool 
is  too  acute  or  keen,  it  springs  slightly  in  cutting,  and  does  not  cut 
evenly,  but  makes  successive  digs  into  the  metal  and  produces  a 
jarring  effect.  If  the  best  formed  tools  of  the  ordinary  construction 
are  placed  in  the  hands  of  an  inferior  workman  and  he  is  allowed  to 
grind  them  for  himself  on  an  ordinary  stone,  he  is  tempted  to  grind 
only  the  extreme  cutting  points,  which  alone  are  blunted  by  use,  in 
order  to  save  himself  some  hard  work ;  but  by  this  means  the  tools 
are  gradually  altered  from  the  properly  acute  cutting  edges  to  very 
obtuse  angles,  which  will  not  cut  the  metal  but  only  tear  it  off.  The 
full  lines  in  the  drawing.  Fig.  1,  give  an  idea  of  the  incorrect  form 
to  which  the  tools  are  frequently  ground  in  this  way.  The  outer 
dotted  line  shows  the  proper  form,  with  both  the  clearance  and  the 
cutting  angles  correct  for  cutting  oast  metals. 

All  risk  of  inaccuracy  in  grinding  the  round  cutters  is  obviated 
by  the  use  of  the  principle  of  mechanical  grinding  introduced  by 
Mr.  Whitworth ;  and  Figs.  19  to  22,  Plate  107,  show  the  grindstone 
designed  for  this  purpose  by  the  writer,  the  tools  being  held 
against  the  face  of  the  stone  in  a  slide-rest  F  adjusted  at  the  coiTect 
incHnation.  The  rest  is  traversed  backwards  and  forwards  by  the 
handwheel  G-  across  the  face  of  the  stone  during  the  grinding ;  and 
by  the  second  handwheel  H  the  tool  is  held  up  against  the  stone 
with  the  required  pressure.  By  this  means  the  grinding  of  the 
tools  at  the  correct  angle  for  cutting  is  always  ensured. 
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The  employment  of  these  simple  cutting  tools  of  round  steel, 
separate  from  the  toolholder,  is  attended  with  several  practical 
advantages  of  importance.  The  form  of  the  cntters  is  the  simplest 
possible,  being  merely  plain  ronnd  bar  steel,  which  can  be  rolled  to . 
the  proper  size  in  the  first  instance,  so  that  no  costly  forging  is 
required,  nor  any  shaping  or  fitting ;  and  the  lengths  to  form  the 
cutters  are  cut  off  the  bars  in  the  cold  state,  and  are  never  heated 
except  for  the  purpose  of  hardening  the  points.  As  they  do  not 
require  to  be  hammered  into  form,  there  is  no  risk  of  the  quality  of 
the  steel  being  injured  by  burning,  as  is  sometimes  the  case  with 
ordinary  tools  when  the  steel  has  been  overheated  by  the  smith  for 
rendering  it  more  easy  to  work.  The  higher  qualities  of  steel  are 
not  only  harder  and  more  difficxdt  to  work,  but  they  will  less  stand 
overheating,  and  are  more  liable  to  crack  under  the  hammer. 

Another  advantage  is  that  the  repairing  of  tools  is  altogether 
dispensed  with,  as  the  round  steel  cutters  can  be  worn  down  from 
long  to  short  lengths,  without  requiring  anything  more  than 
grinding  and  occasional  hardening.  Moreover  the  grinding  is  reduced 
to  the  simplest  possible  operation,  as  the  end  of  the  cutters  alone 
is  ground,  and  the  sides  do  not  require  touching.  Hence  the  proper 
section  of  cutter  is  never  altered,  however  much  the  tools  are 
ground ;  and  the  amount  of  grinding  necessary  to  restore  the  proper 
cutting  edge  is  reduced  to  a  minimum,  whereby  the  expense  also  is 
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slide-pest  being  set  at  the  required  inclination  to  the  face  of  the 
grindstone. 

At  the  writer's  works  in  Manchester,  where  these  tools  are  in 
general  use,  it  is  found  that  on  an  average  fifteen  of  the  round  steel 
cutters  are  blunted  in  one  day's  work  by  each  machine ;  and  they 
take  about  J  hour  for  re-grinding  them,  or  an  average  of  one  minute 
each.  With  the  improved  toolholder,  in  order  to  avoid  the  delay 
occasioned  with  the  ordinary  tools  by  the  men  having  to  grind  their 
own  tools  when  blunted,  leaving  their  machines  standing  idle 
during  the  interval,  a  day's  supply  of  tools  ready  ground  is  given 
out  to  each  machine  in  the  morning,  and  the  blunted  tools  are 
collected  for  grinding  ready  for  the  following  day.  The  small  size 
and  weight  of  the  round  steel  cutters  allow  of  carrying  out  this  plan 
in  practice  with  complete  facility ;  but  with  the  heavy  tools  of  the 
ordinary  kind  it  would  be  impracticable  to  keep  on  hand  the 
stock  of  tools  requisite  for  such  an  arrangement.  The  weight 
of  the  day's  supply  of  fifteen  cutters  is  not  more  than  two-thirds  the 
weight  of  a  single  ordinary  tool ;  and  the  toolholder  itself  is  about 
the  weight  of  one  ordinary  tool  for  the  same  class  of  work.  There 
is  thus  a  great  saving  in  carrying  the  tools  backwards  and  forwards 
from  the  machines  to  the  grindstone,  as  the  light  detached  cutters 
alone  are  required  to  be  carried,  while  the  toolholder  itself  is  not 
moved;  and  as  the  grinding  is  all  done  by  one  man,  it  is  not 
necessary  that  all  the  men  should  have  to  learn  how  to  grind 
their  own  tools,  and  complete  uniformity  in  the  grinding  is 
ensured. 

The  maximum  depth  of  cut  which  any  of  the  round  cutters  will 
take  is  one  half  its  diameter ;  and  the  largest  size  of  the  round  cutters 
being  1 J  inch  diameter,  if  a  cut  of  more  than  f  inch  depth  is  required, 
a  cutter  is  employed  made  of  an  oval  section  of  steel,  1 J  inch  deep 
by  f  inch  thick.  This  oval  cutter  is  capable  of  taking  a  cut  of  1  inch 
vertical  depth  in  planing  a  horizontal  surface ;  and  in  order  that  the 
cutter  may  not  be  forced  back  in  the  holder  by  the  severe  pressure 
of  so  deep  a  cut,  the  holder  is  in  this  case  made  with  a  solid  bottom 
behind  the  cutter ;  as  the  cutter  becomes  worn  down  a  few  blanks 
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from  a  punching  machine  are  placed  under  its  end  to*  fill  up  tie 
bottom  of  the  socket  in  the  holder. 

The  quality  of  the  work  produced  by  the  round  steel  cutters  is  found 
to  be  much  superior  to  that  obtained  with  the  ordinary  diamond- 
pointed  tools,  under  the  same  circumstances  as  regards  depth  of 
cut  and  amount  of  feed,  the  finished  surface  produced  by  the  round 
cutters  being  remarkably  smooth,  even  when  taking  a  heavy  cut. 
The  superiority  of  the  round  cutters  in  this  respect  arises  from  the 
difference  of  their  action,  as  illustrated  in  the  diagrams,  Figs.  17  and  18, 
Plate  106,  which  show  full  size  one  of  the  round  cutters  and  an 
ordinary  diamond-pointed  tool,  the  dotted  lines  indicating  an  equal 
amount  of  feed  in  both  cases.  Since  the  smoothness  of  the  finished 
surface  increases  in  proportion  as  the  thickness  of  the  shaving 
diminishes,  the  diamond-pointed  tool  in  taking  a  heavy  cut  leaves 
the  surface  as  rough  at  the  bottom  of  the  cut  as  at  the  top,  since 
the  shaving  removed  is  of  uniform  thickness  through  its  entire 
depth,  as  shown  by  the  shaded  portion  K  in  Fig.  18.  But  with  the 
round  cutter  the  shaving  is  only  thick  at  the  top,  as  shown  by  the 
shaded  portion  J  in  Fig.  17,  and  the  thickness  gradually  tapers  away 
to  almost  nothing  at  the  botttom,  where  the  shaving  becomes  nearly 
a  tangent  to  the  circular  cutting  edge  of  the  tool.  Consequently 
although  the  surface  left  by  the  round  cutter  is  as  rough  at  the  top 
of  the  cut  as  with  the  ordinary  tool,  this  is  of  no  importance,  as  that 


IMPROVED   TOOL   AND   HOLDER.  297 

"witbout  soap  and  water.  It  will  be  seen  that  the  round  cutter  has 
left  a  very  fair  finish  for  a  rough  dry  cut,  which  contrasts  favourably 
with  the  finish  left  by  the  ordinary  diamond-pointed  tool ;  also  the 
minute  ridges  left  between  the  successive  cuts  of  the  round  tool  are 
hardly  perceptible,  being  oj^ly  about  one  fifth  of  the  height  of  the  ridges 
left  by  the  ordinary  tool,  as  shown  in  the  diagrams,  Figs.  17  and  18. 

This  experiment  served  also  to  determine  approximately  the 
amount  of  power  required  to  drive  the  round  cutters,  which  is 
found  to  be  only  about  three  fourths  of  that  necessary  to  drive  the 
ordinary  tools  for  doing  the  same  work.  The  ordinary  diamond- 
pointed  tool  employed  in  the  experiment  was  shaped  to  the  most 
approved  form  for  cutting  wrought  iron ;  and  the  depth  of  cut  being 
3-16ths  inch  with  a  feed  of  24  per  inch,  it  was  found  that  a  weight 
of  74  lbs.  was  required,  pulling  direct  upon  the  driving  strap,  to 
enable  the  tool  to  take  the  cut.  After  planing  the  width  of  f  inch,  the 
round  cutter,  f  inch  diameter,  was  substituted,  going  on  from  where 
the  other  had  left  off,  and  working  under  precisely  the  same 
circumstances ;  and  the  weight  required  upon  the  strap  was  only 
56  lbs.,  or  about  three  fourths  of  that  required  with  the  ordinary  tool. 

With  regard  to  the  saving  effected  in  current  expenses  by  the 
use  of  the  improved  toolholders  and  round  cutters,  it  has  been  found 
at  the  writer's  works  that  one  smith  and  striker,  who  had  been 
almost  wholly  employed  in  repairing  and  making  the  ordinary  solid 
forged  tools,  are  now  dispensed  with  ;  and  instead  of  two  grindstones 
being  always  fully  occupied  in  grinding  the  tools,  the  whole  grinding 
of  the  cutters  is  now  done  by  a  single  stone,  requiring  only  one  man 
for  the  purpose,  instead  of  the  time  of  the  machine  men  being  taken 
for  grinding  their  own  tools.  Assuming  therefore  that  the  time  of 
three  men  only  is  saved  in  grinding  and  repairing,  at  wages  of 
only  £1  each  per  week,  this  alone  represents  a  saving  of  £150  per 
year ;  and  this  saving  is  independent  of  the  increased  quantity  of 
work  produced  with  the  improved  toolholders,  in  consequence  of  the 
machines  being  kept  constantly  running ;  while  there  is  also  the 
saving  in  engine  power,  and  in  finishing  the  work  as  it  comes  from 
the  machines. 
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Mr.  W.  F.  Smith  exhibited  a  number  of  the  improved  tools  and 
toolliolders,  with  specimens  of  work  planed  and  turned  by  them, 
showing  the  character  of  the  work  done ;  and  also  specimens 
showing  the  amount  of  re-sharpening  required  by  the  tools  after 
work. 

The  Chairman  thought  the  improved  plan  of  tools  described  in 
the  paper  had  important  practical  advantages,  and  he  was  sure  its 
introduction  would  be  a  subject  of  much  interest  to  engineers,  if 
from  its  simplicity  and  economy  these  advantages  were  realised. 

Mr.  E.  A.  CowPER  thought  the  new  plan  of  tools  would  prove 
very  useful  in  engineering  workshops,  and  would  be  particularly 
valuable  in  saving  the  loss  of  time  at  present  involved  in  the 
grinding  up  of  the  tools,  as  it  was  most  frequently  the  case  that  the 
machine  was  standing  idle  during  the  time  of  grinding.  He  enquired 
'  what  was  the  quantity  of  work  done  in  a  day  by  the  new  tools 
in  comparison  with  that  got  through  by  the  ordinary  tools  when 
ground  in  a  reasonable  manner. 

Mr.  W.  F.  Smith  replied  that  he  was  not  able  to  state  the  exact 
difference  in  the  quantity  of  work  produced  ;  but  that  there  was  a 
decided  advantage  in  this  respect  on  the  part  of  the  new  plan  was 
shown  by  the  fact  that  at  his  own  works,  although  some  of  the  piece- 
work prices  had  been  considerably  lowered  since  the  new  tools  were 
introduced,  the  men  were  now  making  more  wages  than  they  ever 
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hand,  tliat  were  used  in  the  new  plan  of  tools,  could  be  hardened 
to  any  extent,  and  when  worn  down  to  a  short  length  it  was  only 
the  cutter  itself  that  had  to  be  thrown  aside  and  replaced,  the 
toolholder  remaining  unaltered.  The  greatest  practical  difficulty 
however  which  he  had  experienced  with  the  ordinary  tools  was 
to  get  the  men  to  grind  them  to  the  correct  angle,  each  man 
having  his  own  idea  as  to  the  best  cutting  edge ;  and  it  was 
therefore  a  great  advantage  in  the  new  plan  of  tools  that  the  men 
would  not  grind  their  own  tools,  and  that  the  construction  ensured 
the  whole  of  the  tools  being  correctly  ground  to  the  proper  angle. 

Mr.  J.  B.  Fen  BY  enquired  whether  any  difficulty  had  been  found 
from  the  toolholder  springing,  and  thereby  causing  the  tool  to  dig 
into  the  work  in  turning  and  planing.  In  the  case  of  turning,  he 
suggested  that  this  might  be  obviated  by  placing  the  cutting  edge 
of  the  tool  just  below  the  level  of  the  neutral  axis  of  the  stem  of 
the  toolholder,  instead  of  above  it,  so  that  the  tendency  of  the  tool 
would  be  to  clear  itself  if  there  were  any  springing  of  the  holder ; 
and  similarly  in  reference  to  planing.  He  noticed  also  that  in 
the  arrangement  shown  for-  grinding  the  tools  the  grindstone 
was  represented  as  turning  from  the  tool,  which  was  generally 
considered  to  produce  a  ragged  edge  on  the  tool  very  soon ;  but  by 
making  the  grindstone  revolve  in  the  opposite  direction  towards  the 
tool,  a  much  smoother  and  firmer  edge  was  produced,  and  he  had 
found  that  tools  ground  in  this  way  would  last  half  as  long  again 
as  if  ground  on  a  stone  revolving  from  the  tool. 

Mr.  W,  F.  Smith  replied  that  the  digging  in  of  the  tool  was  simply 
a  question  of  the  angle  of  the  tool  and  the  position  of  the  sHde  rest. 
If  the  cutting  edge  of  the  tool  were  made  too  acute,  it  was  sure  to 
dig  into  the  work,  provided  the  cut  was  heavy  enough ;  but  by 
taking  care  to  keep  the  cutting  edge  of  the  tool  exactly  level  with 
the  centre  line  of  the  work  in  the  lathe,  and  by  having  the  tools  all 
ground  correctly  to  the  proper  angle,  he  had  found  there  was  no 
risk  of  any  such  occurrence.  With  respect  to  the  direction  of 
revolution  of  the  grindstone  for  grinding  the  tools,  it  appeared  to 
him  to  be  quite  immaterial  whether  the  stone  turned  one  way  or 
the  other.     In  grinding  with  the  stone  revolving  from  the  tool,  as 
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shown  in  the  drawing,  a  mere  thin  film  was  found  to  be  left  on  the 
edge  of  the  tool  after  grinding,  which  was  taken  off  by  rubbing  the 
tool  on  the  stone  by  hand.  The  principal  object  in  grinding  the 
cutters  in  this  way  instead  of  the  other  was  to  make  the  stone 
available  also  for  grinding  tools  by  hand  on  an  ordinary  hand-rest 
placed  on  the  opposite  side  of  the  stone  to  the  slide-rest. 

Mr.  Webb  remarked  that  in  taking  heavy  cuts  in  hard  metal  it 
was  always  found  advisable  to  make  use  of  a  large  tool  for  the 
purpose,  in  order  to  carry  away  the  heat  from  the  point  of  the  tool ; 
and  in  this  respect  therefore  a  small  tool,  such  as  the  round  cutter 
in  the  new  tools,  seemed  undesirable  for  that  class  of  work.  Another 
objection  to  a  small  tool  was  that  it  had  not  stiffness  enough  for  a 
veiy  heavy  cut. 

Mr.  W.  F.  Smith  explained  that  with  the  new  tools  it  was  not 
intended  to  take  a  deep  cut  with  a  small  diameter  of  tool,  and  the 
depth  of  cut  ought  not  to  be  more  than  about  half  the  diameter  of 
the  tool,  when  the  tool  was  made  of  round  steel.  For  a  deep  cut 
an  oval  tool  was  employed,  as  shown  by  the  specimen  exhibited, 
which  was  suitable  for  a  cut  7-8ths  inch  deep ;  and  with  this  depth 
of  cut  the  tool  would  take  about  ten  cuts  per  inch  of  feed. 

Mr.  Robinson  considered  it  was  very  important  to  put  a  stop  to 
the  great  waste  of  steel  which  at  present  took  place  with  the 
ordinary  tools,  both  in  originally  forging  them  to  the  required  shape 
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and  the  correct  angle  for  the  front  of  the  tool  was  tested  by  placing 
the  tool  upon  the  flat  surface  and  bringing  it  up  against  the  cone. 
With  the  round  cutters  he  thought  that  a  still  farther  improvement 
might  be  made  for  finishing  the  work,  by  using  a  tool  having  a 
small  portion  of  its  cutting  edge  straight,  by  making  the  cylindrical 
tool  with  a  fliat  surface  throughout  on  one  side,  so  as  to  remove 
the  slightest  trace  of  ridges  on  the  finished  surface  of  the  work ; 
just  as  with  the  ordinary  angular  tools  at  present  in  use  the 
workman  in  taking  a  finishing  cut  would  grind  off  the  extreme 
point  of  the  tool,  and  so  leave  a  straight  part  between  the  two 
inclined  edges.  The  mode  of  grinding  the  tools,  with  the  grindstone 
revolving  from  the  tool,  as  shown  in  the  drawing,  would  have  the 
effect  he  thought  of  giving  a  ragged  edge  to  the  tool,  and  it  appeared 
preferable  therefore  to  run  the  stone  in  the  opposite  direction,  as  in 
grinding  the  edges  of  the  ordinary  cutting  tools.  The  new  plan 
of  tools  was  certainly  admirably  worked  out,  and  appeared  well 
calculated  not  only  for  saving  cost  but  also  for  improving  the  quality 
of  the  work  done. 

Mr.  W.  F.  Smith  said  that  on  the  first  introduction  of  the  round 
cutters  he  had  found  the  men  flattening  the  cutting  edge  for  the 
finishing  cut,  under  the  idea  that  this  was  necessary  for  preventing 
ridges  on  the  work;  but  this  was  not  allowed  now,  as  any  flattening  of 
the  cutting  edge  did  away  with  the  peculiar  advantage  of  the  round 
tool  in  accuracy  of  the  cutting  angle,  the  amount  of  flattening  being 
altogether  a  matter  of  uncertainty,  dependent  on  the  judgment  of 
each  separate  workman.  Theoretically  there  was  of  course  inevitably 
a  slight  ridge  left  between  the  successive  cuts  of  a  round  tool 
traversing  along  the  work ;  but  in  practice,  when  the  rate  of  feed 
was  properly  proportioned  to  the  diameter  of  the  cutter,  these  ridges 
were  so  exceedingly  minute  as  to  be  altogether  inappreciable,  and 
the  result  was  a  practically  smooth  surface,  quite  as  smooth  as  that 
produced  with  the  best  of  the  ordinary  tools. 

The  Chairman  enquired  whether  the  round  cutters  were  found 
applicable  to  aU  descriptions  of  machine  work. 

Mr.  W.  F.  Smith  replied  that  the  round  tools  were  found  by 
experience  to  be  equally  applicable  for  all  descriptions  of  straight 
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work,  sucli  as  planing  and  turning,  and  partly  also  for  slotting  ;  but 
for  drilling  and  boring  machines  they  were  of  course  not  suitable. 
In  special  cases  of  turning  out  sharp  corners  where  a  square  comer 
was  particularly  desired,  it  would  of  course  be  necessary  afber  using 
a  round  tool  to  substitute  one  of  the  ordinary  diamond-pointed  or 
square  tools  to  reach  into  the  comer,  as  the  round  tool  left  all 
corners  rounded  out  to  a  circle  of  its  own  diameter. 

Mr.  F.  J.  Bramwell  thought  the  round  tool  had  a  decided 
advantage  for  turning  collars  on  shafts,  because  it  was  then 
impossible  for  the  workman  to  spoil  the  work  by  cutting  out  the 
corners  square,  as  was  too  frequently  done ;  but  with  the  round  tool 
he  would  be  compelled  to  leave  them  all  nicely  rounded  out. 

The  Chairman  enquired  what  were  the  two  angles  in  the 
standard  gauge  employed  for  giving  the  inclination  of  the  round 
cutters. 

Mr.  W.  F.  Smith  replied  that  the  angles  of  the  gauge  were  50^  for 
wrought  iron,  and  60^  for  cast  iron  and  brass,  which  were  the 
angles  that  he  had  found  the  best  for  the  different  descriptions  of 
metal. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Smith  for  his 
paper,  which  was  passed. 
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